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b) British Chemical and Physiological Abstracts. 
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There is a better way 


leaves nothing to chance. His process 
is the most efficient he can devise and 
is controlled throughout to ensure the 
uniformity of his finished product. 
If he is using chemicals for technical 
purposes he insists on buying from a 
manufacturer upon whose resources 
and integrity he can rely. There must 


Manufacturers of 


MAY & BAKER LTD. 


DAGENHAM 


Sales Department: Extension 72 Technical Service Dept.: Extension 71 


be no chances taken or his own 
reputation will in the long run be in 
jeopardy. 

If you are not already using M & B 
fine chemicals we invite your enquiries 
and our Technical Service Depart- 
ment will be glad to help you solve 
any chemical problems you may have. 


i 
of reaching decisions | | 
¥ 
PC Fine Chemicals . 
Since 1834 
Telephone : ILFord 3060 
TC 5004 


LITMUS 


PURE GRAN 


LITMUS PAPERS 
AND OTHER 
INDICATORS 


. 
in the manufacture ae 


fertilisers by the ‘fixation’ of atmospheric nitrogen as 

(kr ammonia, large quantities of hydrogen are used, produced 

SCALES u\ ee BRAND by electrolysis of water in Knowles equipment. Typical 

plants absorb 14,000, 23,000, 25,000 kW., but Knowles plant 

can be built of any size to give hydrogen of 99.95% 
guaranteed purity, with oxygen 99.8% pure. 


JOHNSON & SONS Plants in operation all over the world. 
MANUFACTURING CHEMISTS, LTD. LES 
HENDON, LONDON, N.W.4 
The International Electrolytic Plant Co. Ltd., Sandycroft, Chester 


HO 15. 


CHEMICALS IN INDUSTRY 


Carbon, Bentonite, Bat- 

‘Our arrangements with producers here and abroad still 
permit us to distribute raw materials of standard quality 
both for home trade and export for use in the following 

industries: 
CERAMICS - ELECTRIC BATTERIES - ENAMELS 
EXPLOSIVES - FOUNDRIES - GALVANIZERS 
GLASS - INSECTICIDES - INDUSTRIAL 
EMULSIONS - JOINTLESS FLOORING 
LEATHER - MANUFACTURING CHEMISTS 
MINING AND METALLURGY - OILS AND 
FATS - PAINT - PAPER - PHOTOGRAPHY 
RAYON - REFRACTORIES - RUBBER - SOAP 

TEXTILES - WATER PURIFICATION 


tery Carbons, Chrome 
Alum, Chrome Tans, 
Graphite, Insecticides, 
Lead Oxides,Magnesium 
Chloride, Manganese 
Oxides, Potash (Caustic, 
Carbonate, Muriate, 
Sulphate, etc.), Salam- 
phite, Sulp nides, 
Zinc Chloride, etc. 


Distributors of Standard 
Chemicals and Raw 
Materials for Great 
Britain and Overseas 
Markets. C.I.F. to all 
parts of the world. 


Bush Beach Ltd 


MARLOW HOUSE, LLOYDS AVENUE, LONDON, E.C.3 
Phones : ROYal 7077/8/9 *Grams: Beafredma, Fen, London Codes : All Standard and Private 
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For medicinal and synthetic uses. 


ALLOXANTIN 


For organic syntheses and as a raw material 
for the manufacture of riboflavin. 


HYDRAZINE SULPHATE 


One of the most powerful reducing agents. 
Used in rare-metal refining, and as an anti- 
oxidant in light-metal fluxing and soldering. 


An essential developer and end-component in 
dye-line printing. 


RUBIDIUM SALTS 


For the manufacture of thermionic and 
photo-sensitive valves. 


GENATOSAN LTD., LOUGHBOROUGH, LEICS. 
Telephone: Loughborough 2292 
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CORKS 


For all purposes 


INSULATION 
CORK SLAB 


GRANULATED 
CORK 


Good Stocks—Prompt Delivery 


LEONARD DUTTON & SONS 
110/112 HACKNEY ROAD 
LONDON, E.2 


Tel. No. : Bishopsgate 4467 (2 lines). 
Telegrams : “ Corktree, London.”’ 


<APt> FINE CHEMICALS 


N-BROM-SUCCINIMIDE 
CHg——CO 
NBr 


Pale cream micr e@ powder. 
P, 173° — 175°. agent 

particular a where it is 
jelea to produce substitution without 
addition to an adjoining ethylene linkage. 
Usually gives mono - substitution as 
distinct from di-substitution. 


45% available Bromine. 


K. Ziegler et al., Ann. 551, 80-119 (1942) 
Chem. Soc. Ann. Rep. 40, 104 1943); ibid. 41, 191 (1944). 


Enquiries invited from 


HERTS PHARMACEUTICALS LIMITED 


WELWYN GARDEN CITY 
Makers of fine organic chemicals? 


ACID-PROOFING 


A COMPREHENSIVE 
ORGANISATION ror aut 


| TRADES & INDUSTRIES 


Backed by 20 years’ experience 


ACID-RESISTING FLOORS 
TANKS AND LININGS OF 


ALL KINDS 


Head Office & Works: Wednesbury—0284 (5 lines) 
London Office : 
Artillery House, Artillery Row, S.W.|.—1547-8 Abbey 


ACID-PROOFING 


WRITE FOR SAMPLES 


and TECHNICAL INFORMATION.. 


ALUM 
SULPHATE OF ALUMINA 


ALL GRADES SUPPLIED 


"ALUMINOFERRIC%: 


THE CHEAPEST FORM OF SULPHATE OF ALUMINA 


ACTIVATED ALUMINA 


ADSORBENT AND CATALYST 


SODIUM ALUMINATE 


HIGHEST QUALITY - FOR WATER SOFTENING 


"NEOSY 
UNIQUE LIGHTNESS & FINENESS 

"“TYPHOX”™ Oxacate 

IDEAL MORDANTS FOR LEATHER DYEING 


TT. TITANOUS §SULPHATE 


& ECONOMICAL STRIPPING AGENT 


PETER SPENCE & SONS LIMITED 


NA BENLDINGGS ©7 MARYS STER 3 
LONOEN c 779 SAS sf 
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BURNS etc. 


HEAL RAPIDLY and 


WILL NOT TURN SEPTIC 
IF TREATED WITH 


ANTIPEOL 
OINTMENT 


one or other or all of the three races of germs, Streptococci, Staphylococci, and 
B. pyocyaneus are found in every skin infection common to this country, and 
ANTIPEOL OINTMENT contains the antibodies (antivirus) of these germs. 
Healing is expedited by the proved ingredients of the ointment, and septic 
development is stopped or prevented by its antivirus sterile vaccine filtrates. 
ANTIPEOL OINTMENT is unsurpassed for BURNS and SCALDS, for it is 
microbicide and non-adhesive, to be changed 
every day. 


RHINO-ANTIPEOL 


affords rapid relief of COMMON COLDS, INFLUENZA, AND CATARRH. 
Containing the antibodies of the germs common to infections of the nose and 
pharynx (Staphylococci, Streptococci, B. pyocyaneus, pneumococci, pneumo- 
bacilli, enterococci, M. catarrhalis, B. Pfeiffer), Rhino-Antipeol is not just a 
palliative, but is a remover of the cause of the infection. During a it 
is the ideal preventive of microbic development. 


OPHTHALMO-ANTIPEOL 


is a semi-fluid ointment, more convenient than the ordinary Antipeol ointment 
for ocular infections and lesions. Eyes affected by smoke and dust are soothed 
almost immediately by the application of Ophthalmo-Antipeol, and the 
antivirus prevents germs from developing. 
Clinical Samples on request from 
MEDICO-BIOLOGICAL LABORATORIES LTD. 


CARGREEN ROAD, SOUTH NORWOOD, LONDON, S.E.25 


CUTANEOUS 
VACCINE 


BECAUSE 
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(DIACETONE ALCOHOL) (CHs)2 —OH 


SPECIFICATION AND PROPERTIES: CH 


Clear, colourless liquid; mild, pleasant odour. 
Specific gravity at I5/I5S°C ... ... .942—.943 CH; Cc =O 
Distillation range 95% 160-170° C 
Free acid (as acetic) 025% max 
Miscibility with water ... ... ... Complete 
Moisture... ...  ... Free (to pet. ether) ‘ 
Evaporation rate ... ... (ether=1) A B Is OL PR DU T OF 
| 125° F (min) 


SUGGESTED USES: 


1. Good solvent of fair stability for cellulose nitrate and BRITISH 


acetate in lacquers and dopes of all kinds, and for textile 
dyes of the less soluble types. INDUSTRIAL 


2. Chemical intermediate. SOLVENTS 
3. Constituent of hydraulic fluids. : LIMITED 


BISOL DIACETONE ALCOHOL does not contain or 
require a stabilising agent. 


WELBECK HOUSE, DOWNS SIDE, BELMONT, SURREY * TELEPHONE: VIGILANT 0133 


TAYLOR BIS 19 


HEAT-RESISTING 
CHEMICAL STONEWARE 


In recent years, there has been a great increase in processing of 
highly corrosive liquids and gases at high or fluctuating tempera- 
tures. It was found, in many instances, that Acid-Resisting 
Chemical Stoneware was the only available material that would 
withstand the corrosive attack that occurs but, on the other hand, 
the resistance of Standard Chemical Stoneware to thermal shock is 
relatively low compared with certain other materials. 


The Royal Doulton Potteries have devoted considerable research to 
this problem and have recently produced two new ‘ bodies °—71C 
and 71D, the former glazed and the latter unglazed, which have 
been proved to withstand much greater extremes and variations 
of temperature than the standard grade. 


It is not possible to state in general terms the limits of temperature, 
either maximum or variable, which can be expected—as size and 
design have an important bearing on this factor. Further informa- 
tion can be supplied on receipt of details of process, temperature 
cycle and other relevant data. Close collaboration between users 
and producers as to final design is the surest way of achieving results 
which will be mutually satisfactory, and the experience and advice 
of our Technical Department is at the disposal of all chemical 
plant users. 


Illustration shows a covered heat- 


reiting stoneware copper DOULTON & CO., LIMITED 


can be supplied ‘Pete Doulton House, Albert Embankment. London. S.E.1 
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solvents for 
modern industry 


In many applications of organic solvents to the problems of 
modern industry, consistency of quality in the solvent is almost 
as important as quality itself. TP solvents are not only produced 
to a very high standard of chemical purity, but maintain this 
standard precisely between one delivery and another. 

The following solvents are available : 

ACETONE 
METHYL. ETHYL KETONE 
METHYL ISOBUTYL KETONE 
DIACETONE ALCOHOL 
NORMAL PROPYL ALCOHOL 
_ ISOPROPYL ALCOHOL 
NORMAL BUTYL ALCOHOL 
SECONDARY BUTYL ALCOHOL 
TERTIARY BUTYL ALCOHOL 
ISOPROPYL ETHER’ 


ETHYL ACETATE 
NORMAL BUTYL ACETATE 


We shall be glad to send full specifications of these compounds 


on request, or to collaborate with prospective users in evolving 


new applications. 


TECHNICAL PRODUCTS LTD 
ST. HELEN’S COURT, GREAT ST. HELEN’S, LONDON, E.C.3. TELEPHONE : AVENUE 4321 
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REG? TRADE MARK 


PYREX 


BRAND 


GRADUATED GLASSWARE 


for reliability and 


BY specifying “PYREX 

Brand” when ordering 
your Graduated Glass- 
ware you are assured of 
obtaining strong service- 
able glassware, with div- 
ision lines and numerals 
etched clearly and pre- 
cisely for easy reading. 


For everyday laboratory 
work PYREX Brand Glass- 
ware is graduated to 
N.P.L. class B standard, 
but for more meticulous 
analysis or intricate 
research work, N.P.L. 
class A can be supplied at 
appropriate extra costs. 


PYREX Brand Gradu- 
ated Glassware is 
supplied only through 


Ask for PYREX Brand and see that you get it! 


JAMES A. JOBLING & CO. LTD., Wear Glass Works, SUNDERLAND. 
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AMERICAN REVIEW OF SOVIET MEDICINE 
SIX ISSUES PER YEAR. ANNUAL SUBSCRIPTION :—25/-. SINGLE COPIES :—5/- Post Free. 
Published now in Gt. Britain by P. FIRESTEIN, 

82, King Edward’s Road, Hackney, London, E.9 
Commencing with Vol. 3, No. |., 96 pages, per issue, giving full and detailed 


accounts of medical research and practice in the U.S.S.R. Translations of 
articles appearing in Russian medical journals. 


THE BRITISH METAL CORPORATION LIMITED 


47 WIND STREET, 17 SUMMER ROW, 
SWANSEA LONDON, E.C.2 BIRMINGHAM 


Tel. No. Swansea 3166 Tel. No. Central 644! 
BOOKS ON THE CHEMICAL 


LEWIS AND ALLIED SCIENCES 


Scientific and Technical Books. :: Large Stock of Recent Editions. 
Foreign Books not in stock obtained under Special Licence. 


THE SECONDHAND DEPARTMENT at 140 GOWER STREET contains a 
large stock of scientific and technical literature, both modern and historical; 
periodicals, etc. Out of print items are sought for and reported free of charge. 


BOOKS BOUGHT :—Lists submitted should give author, short title and date 
of publication. 
H. K. LEWIS & CO. Ltd., 136 Gower Street, London, W.C.|I 
Telephone: EUSton 4282 (5 lines) uss 


Everything for Safety 
Everywhere 
“NOVOX” and “NOVITA” 
SELF-CONTAINED 


OXYGEN RESUSCITATION. 
OXYGEN BREATHING APPARATUS 


of all t includi PROTO,” APPARATUS 

for reviving persons asphyxiated 
“SALVUS ”’ and “ FIREOX”’ for phy 
work in irrespirable atmospheres by poison gas, electric shock, 


drowning, etc. 
GAS MASKS of all types. 


RESPIRATORS, DusT MASKS, | SIEBE, GORMAN & Co. Ltd. 
GOGGLES, GLOVES, etc., etc. DAVIS ROAD - TOLWORTH - SURREY 
Phone: ELMBRIDGE 5900 


Grams: SIEBE, SURBITON 
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PURE ENGLISH FILTERING PAPERS 
STOCKED IN SHEETS AND CIRCLES IN ALL QUALITIES AND SIZES 
For LABORATORY ano INDUSTRIAL USE 


ASK YOUR LABORATORY DEALER FOR :— 


POSTLIP MILL 633 


SAMPLES AND REPORT OF TESTS 


BY NATIONAL PHYSICAL LABOR. Seeccounnt@ EVANS ADLARD & Co. Ltd. 
MILLS 


ATORY SENT ON REQUEST TO: mvatooy POSTLIP MILLS, WINCHCOMBE 


The Crack Pulverising Mills Ltd. 


GRINDERS TO THE TRADE FOR 
DRUGS, GUMS, SPICES and CHEMICALS 


Expert Staff available for Reconditioning of Gums, Drugs, etc., Damaged by Fire or Water. 


Address all communications to— 
49-51, EASTCHEAP, LONDON, E.C.3 
Works: Tannery Lane, Send, nr. Woking (Surrey). Phone: Mansion House 6109 (2 lines) 


—MANSFIELD OIL-GAS PLANT 
FOR LABORATORIES’ GAS SUPPLY 


Laboratories without a supply of gas should write for particulars of this Plant 
which produces gas in a simple manner from any cheap oil such as Solar Oil. . . . 
The gas produced has a calorific value of 1,350 B.T.U.’s per cubic foot, and is 


suitable for use with any appliance designed for use with coal gas and gives 
perfect oxidising and reducing flames. 


MANSFIELD & SONS 
Emergency Address : 4 KINGSMEAD ROAD SOUTH, OXTON, BIRKENHEAD. 


For Lasporatory Use 


STOCKED BY ALL LABORATORY 
FURNISHERS IN 

SEALED 

BOXES 


Makers 


W. & R. BALSTON 6 H. REEVE ANGEL & CO., LIMITED 
LIMITED 9 Bridewell Place, LONDON, E.C4. 
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fundamental frequencies amongst the benzenes which have no degenerate vibrations, and therefore have 30 
different fundamental frequencies, will be made when our work on pentadeuterobenzene is complete. We 
defer until then, or until we have studied in addition 1: 2-di- and 1: 2: 3: 4-tetra-deuterobenzene (if that 
seems necessary), our discussion of the internal force system of benzene. 

Table X records the product ratios to which these frequencies lead. The majority of the values lie below 
those calculated on the basis of a harmonic force field, the deviations ranging from 1-6% low to 0-4% high. 


TABLE X. 
Product Ratios of Benzene, 1: 3 : 5-Trideuterobenzene and Hexadeuterobenzene. 
class. Found. Calc. class. Found. Calc. Found. Calc. 
Ay 1-404 1-414 1-402 1-414 
Ay 1-340 1-345 1-347 1-351 
Ay” 1-379 1-387 1-365 1-388 
its E’ 1-930 1-960 1-948 1-962 
E” 1-330 1-345 1-357 1-351 


All who have participated in goonies this group of papers desire to acknowledge important aid. Stipends have 
been paid to several of our num by the Department of Scientific and Industrial Research, the Ramsay Memorial 
Trust, and the Carnegie Trust for the Universities of Scotland. The University of London and the Royal Society have 
both made considerable contributions to the cost of optical apparatus; and all the heavy water used was purchased 
for us by Imperial Chemical Industries, Ltd. 
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66. Chemical Investigations of the Insecticide ““ DDT” and its Analogues. 
Part I. Reactions of “ DDT” and Associated Compounds. 


By JAMEs ForREsT, OLIVER STEPHENSON, and WILLIAM A. WATERS. 


The components of technical samples of the insecticide “‘ DDT ’”’ have been separated and identified, and 
their reactions have been investigated. In addition to the main physiologically active — 1:1: 1-tri- 
chloro-2 : 2-di-(4-chlorophenyl)ethane (“pure DDT ’’), there are always ——_ the very feebly insecticidal isomer 
| $2) 1-trichloro-2-(2-chlorophenyl)-2-(4-chlorophenyl)ethane (‘‘ iso-DDT ’’) and small quantities of the physio- 
logically inert “‘ half condensation product,” 1: 1 : 1-trichloro-2-hydroxy-2-(4-chlorophenyl)ethane. en 
crude chloral has been used for the manufacture of DDT there is also present 1 : 1-dichloro-2 : 2-di-(4-chloro- 
phenyl)ethane (“DDD”), which has only one-third of the insecticidal activity of “pure DDT.”’ Methods 
of analysis of technical DDT have been developed. 

' The reduction of DDT affords an example of a reversed benzil—benzilic acid transformation, there being 
produced “‘ DDD,” 1 : 1-di-(4-chlorophenyl)ethane and 4 : 4’-dichlorostilbene. 

The nitration reactions of DDT, tso-DDT, and DDD have been studied. In each case the nitro groups enter 
the positions 3 and 5 in the aromatic nuclei. 


At the time when the insecticide ‘‘ DDT ”’ was first introduced for use on the large scale by the Allied Nations, 
comparatively little was known of either its chemical or its physiological properties, and a series of investig- 
ations into these subjects was therefore put in hand on behalf of the Ministry of Production. Since numerous 
publications dealing -with the physiological activity and technological applications of DDT have appeared 
within the past two years (see, inter alia, Lauger, Martin, and Miiller, Helv. Chim. Acta, 1944, 27, 892; Camp- 
bell and West, Chem. and Ind., 1944, 319; Manufacturing Chemist, 1945, 15, 312; Buxton, Trans. Roy. Soc. 
Trop. Med. Hyg., 1945, 38, 367; Busvine, Nature, 1945, 156, 169) it is now possible to give an account of 
chemical investigations which were completed in 1943—1944 in a research department of the Ministry of 
Supply.* Related physiological investigations will appear elsewhere. 
Components of Technical DDT.—‘‘ Pure DDT ”’ (I), prepared by Zeidler’s method (Ber., 1874, 7, 1181) 
by condensing chlorobenzene with chloral, or chloral hydrate, in concentrated sulphuric acid, crystallises 
from alcohol, petrol, and many other solvents, in long, white needles of m. p. 108—109°, but the uncrystal- 
lised technical product, obtained by the large-scale operation of the same general process, is a white powder 
of decidedly lower setting-point (75—95°), and of inferior physiological potency. It was therefore important 
* After this work had been completed, and accounts circulated to Official Allied Authorities, descriptions of the 
following compounds were published by other investigators: tetranitro-DDT (Schlechter and Haller, J. Amer. Chem. 
Soc., 1944, 66, 2130); iso-DDT, DDD, and the corresponding ethylenes, tetranitro-iso-DDT, tetranitro-DDD, dinitro- 
iso-DDT, dinitro-DDD, and the eee of 4: 4’- and 2: 4’-dichlorobenzophenones (Haller, Bartlett, 
et al., J. Amer. Chem. Soc., 1945, 67, 1591). 
Y 
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to separate the components of technical DDT, and examine in detail each pure substance, after first verifying 
its structural formula. 

Fortunately, the most potent insecticide in crude DDT is (I), which always forms most of the material, 
Its structural formula, which was correctly inferred by Zeidler, has been confirmed rigorously by us, by 
degradation, through the (II), to 4: 4’-dichlorobenzophenone (III), which was shown to be 
identical with synthetic material. 

By careful crystallisation, and reduced pressure distillation of the more soluble residues from the alcohol 
crystallisation of crude DDT, there was obtained 1:1: 1-trichloro-2-(2-chloropheny])-2-(4-chloropheny]). 
ethane (‘‘ iso-DDT ”’) (IV), which is almost devoid of insecticidal activity (Busvine, Joc. cit.). The structure 
of (IV) was established by carrying out a similar degradation, through the dichloro-ethylene, to 2 : 4’-dichloro- 
benzophenone, which was synthesised independently from o-chlorobenzoyl chloride and chlorobenzene (cf. 
Montagne, Rec. Trav. chim., 1906, 25, 384; Norris and Tweig, Amer. Chem. - 1903, 30, 397). 


CCl, fe) 
II. III. 


Technical DDT normally contains over 90% of these two isomers in the approximate ratio of 4 parts of 
(I) to 1 part of (IV), but much smaller quantities of certain other products may also be present. 

The 2: 2’-dichloro-isomer should, in theory, be present to the amount of 1—2% in crude DDT, but we 
have not succeeded in isolating it. 


Most samples of crude DDT contain about 3% of oily material of decidedly lower boiling point (ca, | 


115°/0-5 mm. compared with ca. 190°/0-5 mm. for I or IV) which consists mainly of the “‘ half-condensation 
product ” 1:1: 1-trichloro-2-hydroxy-2-(4-chlorophenyl)ethane (VI). This was isolated from crude DDT 
as a syrupy liquid which, after purification by hydrolysis of its acetate, was obtained as a solid identical with 
that prepared synthetically by another method (see Part III of this series). (VI) has no insecticidal value. 
Analytical evidence suggests that this fraction of technical DDT may contain, besides the 2-chloro-isomer 
of (VI), a little 1:1: 1-trichloro-2-chloro-2-(4-chlorophenyl)ethane (VII) and also (in preparations of DDT 
from chloral alcoholate) 1:1: 1-trichloro-2-ethoxy-2-(4-chlorophenyl)ethane, but we have not succeeded 
in isolating these substances in pure states. 

Some samples of crude DDT have been found to contain small quantities of polychloral, or of chloralide, 
C,H,0,Cl, (cf. Wallach, Annalen, 1878, 198, 35) due to reaction under too vigorous conditions which lead 
to wastage of chloral. Adequately washed samples of DDT are usually free from these products, and also 
from free sulphuric acid, or sulphonic acids, but may contain traces of unchanged chlorobenzene. 

A much more common impurity in technical DDT is 1: 1-dichloro-2’: 2-di-(4-chlorophenyl)ethane 
(“DDD”) (VIII). This product has about one-third of the insecticidal activity of (I) (Busvine, loc. cit.) 
and can easily be prepared by condensing chlorobenzene with either dichloroacetal or dichloroacetaldehyde 
(cf. Fritsch, Annalen, 1894, 279, 319, 337). Evidently it is formed from these impurities when technical 
chloral is used in the manufacturing process, and it has the effect of lowering the setting-point of technical 
DDT to a value not commensurate with the loss of physiological activity. 


Cl ak I 
(VI.) ‘CCl, (VII.) 
NaOH cro, 
—> —> am) 
HCl, HCl 


(VIIL.) (IX.) 

(VIII), on boiling with caustic soda in alcohol, gives 1-chloro-2 : 2-di-(4-chlorophenyl)ethylene which on oxid- 
ation with chromic acid gives 4 : 4’-dichlorobenzophenone (III) and a little p-chlorobenzoic acid. The structure 
of (IX) has been established independently by synthesis from (III), by treatment with methyilmagnesium 
iodide to yield 1-hydroxy-1 : 1-di-(4-chlorophenyl)ethane (X), which loses water wheh sublimed in a vacuum, 
giving 1: 1-di-(4-chlorophenyl)ethylene (XI). This adds on chlorine in carbon tetrachloride solution, giving 
1 : 2-dichloro-2 : 2-di-(4-chlorophenyl)ethane (XII) which loses hydrogen chloride when the solution is 
evaporated, leaving (IX). 


CH,Mgl 1 
ROR —> RGR —> —> (IX) 
H, H, 
(R=C,H,.Cl) (X.) (X1.) (XII.) 
“ DDD ” should, of course, be produced together with its 4: 2’-isomer, which, however, we have not yet 
isolated. 
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Analysis of Technical DDT.—It is characteristic of DDT (I), and its associated compounds, (IV) and 
(VIII), that on treatment with alcoholic alkali they lose one molecule only of hydrogen chloride, giving the 
very stable ethylenes (II, IX, etc.) which are resistant to further alkaline hydrolysis. Thus extraction with 
benzene or petroleum, hydrolysis of the washed (i.e., salt-free) extract with alkali, and subsequent estimation 
of chloride, can be made the standard method of analysis of DDT, for detection of gross impurities, as well 
as for its estimation in insecticide sprays, or powders, or upon fabrics. The hydrolysis method does not, 
however, serve to differentiate between the pure compound (I) and its physiologically inert isomer (IV). 
Again the hydrolysable chlorine content of DDD (11-1%) is so little more than that of DDT (10-0%) that 
this analysis cannot be used as a sensitive test for the presence of DDD. Estimation of total chlorine (44:3% 
for DDD; 50-1% for DDT) is mach more indicative of this contamination, though unfortunately impractic- 
able for rapid routine testing purposes. High hydrolysable chlorine figures (over 10-5%) are indicative of 
appreciable contamination by the “ half-product ”’ (VI), since this, on boiling, neutralises nearly 4 equivalents 
of alkali, liberating 3 equivalents of chloride per mol. 

We have shown, however, by the following experimental procedure, that the ratio between the amounts 
of the 4: 4’ and 2: ‘4’-isomers produced remains very closely constant, both for the reaction between chloro- 
benzene and pure chloral or chloral hydrate, and for reactions with crude chloral containing a high percentage 
of dichloroacetal, over a wide range of reaction temperatures, concentrations, and operating times. Weighed 
samples of technical DDT were hydrolysed to the corresponding mixed ethylenes, which were then extracted 
and oxidised with chromic acid in glacial acetic acid solution, yielding a mixture of the dichlorobenzophenones 
(III) and (V). The mixtures were precipitated quantitatively with water, washed with alkali, dried, and 
their setting points were taken. The “ half-condensation products ” (VI, VII, etc.) by this procedure yielded 
p-chlorobenzoic acid, which is sufficiently insoluble in water for quantitative precipitation from the alkaline 
washings by mineral acid. A wide range of samples of technical DDT, of different origin, yielded ketone 
mixtures of setting point 132° + 2°, which corresponds to a mixture containing 26% of 2: 4’-isomer (com- 
pare fig.). This is, of course, a maximum value for the iso-DDT content. 

By using pure chemicals, a DDT mixture containing 75—80% of (I) (assessed by fractional crystallisation 
from alcohol) can regularly be obtained as the direct reaction product before crystallisation. Samples of still 
higher purity can be obtained by fractionally precipitating the condensation mixture (a solution in excess 
of concentrated sulphuric acid) with water, thereby leaving many impurities in solution, but this can be 
effected only with loss in total yield, and is in no way indicative of any variability in the ortho—para ratio 
in the condensation itself. 


cK cl Ch 
(XIII) (XIV.) 
H 1 


The production of a ketone mixture of constant setting point is to be expected on theoretical grounds. 
if the intrinsic ortho and para directive powers of chlorobenzene govern the course of each condensation. It 
indicates, moreover, that that insecticidal activity of technical DDT of hydrolysable chlorine content 10-0— 
105% should not vary to any serious extent according to the method of manufacture. 

Reduction Products of DDT.—DDT is resistant to mild reducing agents, but when treated in boiling alcoholic 
solution with zinc and concentrated hydrochloric acid it yields three products: (a) ‘‘DDD™” (VIII); (6) 
1: 1-di-(4-chlorophenyl)ethane (XIII), and (c) 4: 4’-dichlorostilbene (XIV). 

The structure of (XIII) is substantiated by oxidation to 4: 4’-dichlorobenzophenone (III). (XIV), im 
contrast, oxidises easily to p-chlorobenzoic acid, and gives no trace of ketone. Moreover it readily yields a 
dibromo addition compound. (VIII) also gives a mixture of both (XIII) and (XIV) on further reduction. 
Analogous products are obtained on reduction of 1:1: 1-trichloro-2: 2-diphenylethane (‘‘DT’’). Other 
examples of transformations of DDT analogues to stilbene derivatives have been noted by Elbs (J. pr. Chem., 
1889, 39, 300; 1894, 47, 66) and by Harris and Frankforter (J. Amer. Chem. Soc., 1926, 48, 3144). A mole- 
cular rearrangement equivalent to a reversed benzil—benzilic acid change is involved. This is most probably 
a Wagner—Meerwein rearrangement of a cation, closely similar to the process whereby isobornyl chloride 
yields camphene, occurring at the reduction stage of 1-chloro-2 : 2-di-(4-chlorophenyl)ethane (XV) : 


(XV.) (Cl)- 


Nitration of DDT and its Analogues.—Nitration of DDT in glacial acetic acid at 100° yields 1: 1: 1-tri- 
chloro-2 : 2-di-(4-chloro-3-nitrophenyl)ethane (XVI), which has previously been described by Zeidler (loc. 
cit.). This is resistant to direct oxidation, but when boiled with pyridine it gives 1: 1-dichloro-2 : 2-di-(4- 
chlovo-3-nitrophenyl)ethylene which can be oxidised by chromic acid in glacial acetic acid to 4 : 4’-dichloro- 
3: 3’-dinitrobenzophenone (XVII) of m. p. 134°. This substance, the direct nitration product of 4: 4’-di- 
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chlorobenzophenone, has been reported as having m. ps. between 120° (Consonno, Gazzetta, 1904, 34, 376) 
and 132° (Montagne, Rec. Trav. chim., 1902, 21, 26). For confirmation of structures, we have repeated the 
nitration of (III). The reaction product, initially of indefinite m. p. 120—130°, after repeated recrystallisation 
eventually yielded crystals of m. p. 132°, which did not depress the m. p. of the oxidation product of (XVI). 

1 : 1-Dichloro-2 : 2-di-(4-chlorophenyl)ethylene (II) could not be nitrated. It is oxidised by a warm 
mixture of concentrated nitric and glacial acetic acids yielding 4 : 4’-dichlorobenzophenone (III) in over 80% 
yield, and a lachrymatory product (possibly dichlorodinitromethane). 

Nitration of DDT in fuming nitric/sulphuric acid mixture at 100° gives 1: 1 : 1-trichloro-2 : 2-di-(4-chloro- 
3 : 5-dinitrophenyl)ethane (XVIII). This reacts smoothly with aniline in hot alcoholic solution to give 
1:1: 1-trichloro-2 : 2-di-(3 : 5-dinitro-4-anilinophenyl)ethane (XIX), which was also prepared from the bromo- 
analogue of DDT. Again, 4: 4’-dichloro-3 : 3’-dinitro-benzophenone (XVII), on prolonged refluxing with 
aniline, gives 3: 3’-dinitro-4 : 4'-dianilinobenzophenone, whilst both 1: 1-dichloro-di-(4-chloro-3-nitropheny]). 
ethylene and (XVI) on prolonged boiling in pyridine yield a brown di-pyridinium salt. These reactions 
confirm the positions assigned to the nitro groups in (XVI) and (XVII). 

iso-DDT (IV) reacts in a similar manner, giving a dinitro-compound when nitrated in a mixture of con- 
centrated nitric acid and glacial acetic acid, and a tetranitro-compound when nitrated with fuming nitric 
acid and concentrated sulphuric acid at 100°. The tetranitro-compound also yields a dianilide, so that 
evidently the nitro groups are in the 3 and 5 positions in each ring. The di- and tetra-nitration products 
of both DDT and iso-DDT have almost identical m. ps.; they are nevertheless quite distinct subsjgnces, 
each of which depresses the m. p. of the other. 

The nitration of 1: 1-di-(4-chlorophenyl)ethane (XIII) takes a similar course, giving the di-(4-chloro-3- 
nitro)-compound, and then the di-(4-chloro-3 : 5-dinitvo)-compound which again yields a dianilide. DDD (VIII) 
also gives a dinitro-derivative on heating to 100° in a mixture of glacial acetic and concentrated nitric acids, 
and a tetranitro-derivative on heating to 100° with fuming nitric and concentrated sulphuric acids, and the 
latter product again gives a dianilide. 

Other Reactions of DDT.—In the hope of discovering a reaction applicable for micro-chemical estimation 
of pure DDT, interactions with a mumber of other reagents have been studied. Reactions involving the 
-—CCl, group offered the best hope of success, but in DDT, iso-DDT, DDD, and analogous compounds, this 
group is surprisingly inert. Hydrogen chloride can be eliminated easily by treatment with alcoholic sodium 
hydroxide, or by refluxing with pyridine, quinoline, or aniline, but not by treatment with alcoholic ammonia 
or 2: 4-dinitrophenylhydrazine. Sodium carbonate in boiling aqueous alcohol removed hydrogen chloride 
only very slowly. The resultant dichloroethylenes resist attack by all these reagents and also by fused sodium 
hydroxide, though sodium ethoxide does react further under extremely drastic conditions (cf. Harris and 
Frankforter, loc. cit.). 

DDT and its analogues also lose hydrogen chloride when heated to high temperatures (200° or over). The 
thermal stability is dependent upon the purity of the product; for example, dry DDT is decomposed readily 
at its m. p. by addition of a trace of ferric chloride with quantitative formation of the ethylene (II) (compare 
Fleck and Haller, J. Amer. Chem. Soc., 1944, 66, 2095; Balaban and Sutcliffe, Nature, 1945, 155, 755). 

DDT is decomposed by boiling with anhydrous zinc chloride in glacial acetic acid solution, giving (II) 
and a little di-(4-chlorophenyl)acetic acid, which was identified by conversion into its ethyl ester, and by oxidation 
to (II]). 

Red products are formed by fusing DDT or its isomer with phenol, naphthols, or diphenylamine, in the 
presence of anhydrous zinc chloride, but their colours are not sufficiently intense to be of value for 
colorimetric analysis. 


EXPERIMENTAL. 


Separation of Components of Technical DDT (Typical Examples).—(i) Material of 50% (+0-5%) total chlorine con- 
tent. 500 G. of crude material were dissolved in 1500 ml. of light petroleum (b. p. 40—60°), separated from a small 
aqueous layer (which usually gave positive tests for chloral), and filtered hot. On cooling, 200 g. of DDT, m. p. 107— 
108°, separated. One recrystallisation gave a pure product, m. p. 109°. The residue was stri from petrol, warmed 
with 400 ml. of methyl alcohol, and kept for 24 hours. . It deposited a further 75 g. of DDT, and, after a further 24 
hours, 42 g. of a solid, m. p. 50—60° (a). 

The remaining liquid was stripped from solvent by heating under reduced pressure, and was then fractionated 
through a short Vigreux column. It gave (b) 25 g. of an oil, b. p. 115—135°/0-5 mm., and (c) 75 g. of an oil, b. p. 
175—195°/0-5 mm. At temperatures above this, some decomposition set in with evolution of hydrogen chloride. 
Fraction (6), after redistillation, gave 20 g. (= 4%) of a viscous liquid, b. P. 114—116°/0-5 mm., consisting essentially 
of 1: 1: 1-trichloro-2-hydroxy-2-(4-chlorophenyl)ethane (V{) (Found: C, 37-4; H, 2:3; Cl, 54:2. Calc. for C,H,OC,: 
C, 37-0; H, 2-3; Cl, 546%). ‘ 

Fraction (c) redistilled at 190—191°/1 mm. and formed a thick gum on cooling. This was dissolved in light petroleum 
(b. p. 40—60°) and kept at 0° until crystallisation occurred (ca. 2 days). The white solid, m. p. 67—71°, on repeated 
recrystallisation from petrol and methyl alcohol, was obtained in rhombs, m. p. 76°, and proved to be iso-DDT (IV). 
Solid (a) contained substantially the same material (Found: C, 47-6; H, 2-4; Cl, 50-1. . for C,,H,Cl,: C, 47-4; 
H, 2-7; Cl, 50-03%). 

(ii) Material . 49% total chlorine content. 400 G. of crude material were dissolved in 1000 ml. of boiling 
methyl alcohol and the solution was allowed to cool slowly, when 245 g. (= 61%) of DDT, m. p. 108—109°, separated 
in clusters of white needles. The filtrate was concentrated at reduced pressure and then distill illed at less than 4 mm. 
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pressure, giving (a) 7 g., b. p. 100—180°, and (6) 140 g., b. p. 180—198°. Fraction (b) became viscous on cooling, and 
when treated with cold methyl alcohol deposited 62 g. of a solid, m. p. 105°. This on recrystallisation from methyl 
alcohol yielded stout white prisms of ‘‘ DDD,” (VIII), m. p. and mixed m. p. 110° (Found: C, 52-4; H, 3-2; Cl, 443. 
Calc. for C, 52-5; H, 3-1; Cl, 444%). 

Direct Synthesis of ‘‘ DDD.”"—94 G. of dichloroacetal (0-5 mol.) were mixed with 112 g. of chlorobenzene (1-0 mol.), 
and 250 ml. of concentrated sulphuric acid were added slowly with vigorous shaking at 30°. A crystalline solid separated 
after keeping at room temperature. The brown acid liquors were poured off, and the solid was washed with cold 
dilute alcohol, leaving 74 g. of crude material which, when recrystallised twice from methyl alcohol, gave 59 g. of pure 
DDD, m. p. and mixed m. p. 110°. The same product was obtained by condensing dichloroacetaldehyde with chloro- 
benzene at 80° for 1 hour. 

Analysis of Technical DDT by Oxidation. General Procedure.—(a) 25 G. of technical DDT were dissolved in warm 
alcohol (200 ml.) and refluxed for 4 hour with a solution of sodium hydroxide (8 g.) in water (50 ml.). The excess of 
alcohol was evaporated on the water-bath, and the residue diluted with water and acidified with hydrochloric acid. 
When cold, the aqueous layer was decanted from the gummy solid, extracted with chloroform, and the chloroform 
extract evaporated. : 

(b) The brown gum, together with the residue from the chloroform extraction, was dissolved in hot, on acetic 
acid (ca. 75 ml.), using the same flask as before, and a saturated solution of chromium trioxide (50 g.) was added 
gradually. The mixture was refluxed for 4 hours, diluted, whilst still hot, with water (ca. 500 ml.), and allowed to cool. 

(c) The cold product was extracted with chloroform, and the extract washed 4 times with small quantities of dilute 
ammonia and finally with distilled water. The alkaline aqueous extracts were evaporated to small bulk, filtered, and 
acidified, and the precipitate (= Y) was collected and weighed in a Gooch crucible. 

(d@) The washed chloroform extract was dried over calcium chloride, and the ketone mixture (= X) was collected 
quantitatively by evaporation of the filtered solution. The residue was heated above its m. p. to remove traces of 
chloroform, and was then cooled and weighed. The setting point of the mixture was taken. 

Analytical results, exemplified by the Table below, can be calculated from theoretical equations, from which it may 


Analyses of Technical DDT (showing range of variability) 


Sample. G 43. S 617. S 657. D 62. H 156. 
76 56 65 48 59 
Hydrolysable Cl, % 10-2 11-4 10°6 11-4 10-6 
Total Cl, % ...... 49-2 50-7 48-9 48-0 50-3 


% calc. from weight of ketones ......... 88, 89 84 85 90 91 
Setting Point Of 133° 130° 134° 134° 130° 
Half products (VI, VII), % 3-2 2-2 2-6 2-4 3-0 
Maximum % iso-DDT + iso-DDD ............. 29 ss . 25 ll 23 


* Estimated by crystallisation from alcohol. 


be deduced that 25 g. of (DDT + analogues) should give 17-7 g. of mixed ketones (X), whilst 25 g. of “ half products” 
(VI, etc.) should give 15 g. of acids (Y). Several ultimate lyses confirmed that X was in fact a mixture of isomeric 
dichlorobenzophenones. 


The setting point curve of mixtures of the ketones (III) and (V) is given in the figure. 


Setting points of 4: 4’-dichlorobenzophenone plus 4 : 2’-dichlorobenzophenone. 


Tir 
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Setting poi 


0 20. 30 
4: 2'-Dichlorobenzophenone, %. 


i ome ; Seoetant samples of DDT fall between the range represented by specimens G 43 and S 657, and have setting 
ints above 75°. : 

Reduction of DDT.—100 G. of pure DDT were dissolved in 1200 ml. of industrial spirit, 75 g. of granulated zinc 
and 200 ml. of concentrated hydrochloric acid were added, and the whole was refluxed for 8 hours. The mixture was 
filtered and the filtrate concentrated under reduced pressure until an ro | solid remained. This was taken yp in chloro- 
form, washed with water, dried (CaCl,), concentrated and then diluted with light petroleum (b. p. 40—-00°), when it 
gave 21 g. of solid, m. p. 90—140°, and a soluble residue. On fractional crystallisation of the solid from methyl alcohol 
there were obtained, (a) 4 : 4’-dichlorostilbene (XIV), m. p. 178° (Found : C, 67-4; H, 3-87; Cl, 28-2; M, (Rast) 236, 
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(F.P. in benzene) 224. Calc. for C,,H,,Cl,: C, 67:4; H, 4:05; Cl, 28-56%; M, 249) and (b) 1: 1-dichloro-2 : 2-di-(4- 
chlorophenyl)ethane (VIII), m. p. 110° (total yield ca. 10 g.). 

The petroleum-soluble residue was fractionally distilled in a vacuum and ye (c) 42 g. of solid, b. p. 160°/3 mm. 
and (d) 24 g., b. p. 179—186°/0-9 mm. On repeated crystallisation from petrol, (c) proved to be mainly compound (VIII), 
whilst (d) yielded 1: ge a oy (XIII) which crystallised from methyl alcohol in fine, white prisms, 
m. p. 56° (Found: C, 66-8; H, 4:8; Cl, 28-0. C,,H,,Cl, requires C, 66-9; H, 4:8; Cl, 28-3%). 

4: 4’-Dichlorostilbene (XIV), on oxidation with chromic acid in acetic acid, or with hot alkaline permanganate, 
yielded p-chlorobenzoic acid, m. p. and mixed m. p. 238°. Bromination of (XIV) with an equal weight of bromine in 
carbon tetrachloride yielded af-dibromo-4 : 4’-dichlorostilbene, m. p. 229° (Found: C, 40-4; H, 2°56. Calc. for 
C4HoCl,Br, : Cc, 40-1; H, 2-45%). 

“DDD” (VIII), on oxidation with chromic acid in acetic acid, gave a little p-chlorobenzoic acid, but the main 

roduct was (III). 1-0 G. on further reduction with zinc and alcoholic hydrochloric acid yielded (XIV) (0-15 g.) and 
XIII) (0°50 g.). On refluxing with alcoholic sodium hydroxide DDD yielded 1-chloro-2 : 2-di-(4-chlorophenyl)ethylene 
IX), which crystallised from methyl alcohol in long, white needles, m. p. 68° (Found: C, 59-2; H, 3°47; Cl, 37-7, 

c. for C,,H,Cl,: C, 59:2; H, 3-2; Cl, 376%). DDD was not attacked by boiling alcoholic solutions of aniline, 
phenylhydrazine, or 2: eae. 

1: 1-Di-(4-chlorophenyl)ethane (XIII), on oxidation with chromic acid in acetic acid, yielded 4 : 4’-dichlorobenzo- 
phenone, m. 147°, quantitatively. Oxidation could not be effected with alkaline permanganate solution. 

2-0 G. of (XIII) were nitrated at 100° with a mixture of 30 ml. each of concentrated sulphuric and concentrated nitric 
(d, 1-46) acids. The product, when crystallised from acetic acid, gave small pale yellow needles of 1 : 1-di-(4-chloro- 
3 : 5-dinitrophenyl)ethane, m. p. 261° (Found: C, 39-0; H, 1:74; N, 13-0. C,,H,O,N,Cl, requires C, 39-0; H, 
1-9; N, 13-0%). This on heating with aniline in alcoholic solution gave, in good yield, bright red crystals of 1 : 1-di- 
: m. p. 203° (Found: C, 57-1; H, 3-75; N, 15-5. CygHO,N, requires C, 57:3; 

, 371; N, 15-4%). 

2-0 G. of (XIII) were also nitrated by dissolving in a mixture of 40 ml. of glacial acetic and 30 ml. of fuming nitric 
(d, 1-5) acids and heating to 100° for 5 hours. The mixture was then cooled and poured on ice, and the solid was separ- 
ated, washed with water and crystallised from methyl alcohol, giving 1 : 1-di-(4-chloro-3-mitrophenyl)ethane (XX), m. p. 
92—93° (Found: C, 48-9; H, 3:14; N, 8:1. C,,4H,.0,N,Cl, requires C, 49-2; H, 2-9; N, 82%). On oxidation with 
chromic anhydride in glacial acetic acid, (XX) yielded 4: 4’-dichloro-3 : 3’-dinitrobenzophenone (XVII), m. p. 132’, 
identical with the products obtained (i) from “‘ dinitro-DDT ” and (ii) by direct nitration of (III) (see below). 

Synthesis of 1-Chloro-2 : 2-di-(4-chlorophenyl)ethylene (IX).—(i) 5 G. of 4: 4’-dichlorobenzophenone (III) in 200 ml. 
of dry ether were added slowly to the Grignard reagent prepared from 0-45 g. of magnesium and 4-0 g. of methyl iodide 
in 150 ml. of dry ether. The mixture was kept over-night, heated on the water-bath for 1 hour, cooled, and finally 
decomposed with dilute sulphuric acid. The ethereal extract was washed, dried, and evaporated, and the residue was 
treated with light petroleum (b. p. 40—60°) when clusters of rod-like needles of 1-hydroxy-1 : 1-di-(4-chlorophenyl)ethane, 
m. p. 70—71°, separated (Found: C, 63-4; H, 4-36; Cl, 26-9. C,,H,,OCI, requires C, 62:8; H, 4-49; Cl, 

(ii) The above product was heated in a vacuum at 160—180° when a white solid sublimed. This on recrystallisation 
from methyl alcohol had m. p.* 86° and was 1: 1-di-(4-chlorophenyl)ethylene (Found: C, 67-5; H, 4:05; Cl, 28-4. 
C,,H,,Cl, requires C, 67-4; H, 4-02; Cl, 28-5%). Reduction of this compound to (XIII) could not be effected with 
zinc and hydrochloric acid. 

(iii) 1 G. of 1: 1-di-(4-chlorophenyl)ethylene was treated with 1-2 mol. of chlorine in cold carbon tetrachloride and 
the solvent was ope when hydrogen chloride was eliminated with the vapours. The oily residue, on recrystal- 
lisation from methy] alcohol, gave fine white needles of (IX), m. p. 68—69°, unchanged on admixture with a specimen 
prepared as above from DDD. 

Nitration Products of DDT.—1:1: 1-Trichloro-2 : 2-di-(4-chloro-3-nitrophenyl)ethane (XVI). 5 G. of DDT were 
dissolved in a mixture of 80 ml. of acetic acid and 80 ml. of fuming nitric acid (d, 1-5), and the solution was heated on 
the water-bath for 3—4 hours. The mass was cooled and poured into cold water, and the solid product after washing 
was crystallised from alcohol, giving 5-2 g. of small yellow needles, m. p. 145—146° (Zeidler, Joc. cit., gives m. p. 145°). 

1 : 1-Dichloro-2 : 2-di-(4-chloro-3-nitrophenyl)ethylene. 4G. of (XVI1) were boiled with 50 ml. of pyridine for 3 hours. 
After reaction had ceased the dark solution was poured into excess of cold, dilute, nitric acid when an oil separated, 
and solidified on cooling. On crystallisation from acetic acid, and then from alcohol, it gave 4-0 g. of large yellow plates, 
m. p. 121—122° (Found: C, 41-4; H, 1-68; N, 6-8; Cl, 34-2. C,,H,O,N,Cl, requires C, 41-2; H, 1-47; N, 6-9; Cl, 
hy This compound was oxidised by boiling for 2 hours with excess of chromium trioxide in glacial acetic acid. 
On dilution, the solid which separated was 4 : 4’-dichloro-3 : 3’-dinitrobenzophenone (XVII), m. p. 1833—134° (Found: 
C, 45-5; H, 1-76; N, 8-3; Cl, 21-3. Calc. for C};H,O,N,Cl,: C, 45:7; H, 1-75; N, 8-2; Cl, 208%). 

(iii) Direct nitration of re was attempted as follows: 5 5 were dissolved in a mixture of fuming nitric and glacial 
acetic acids (80 ml. of each) and maintained at 40—50° for 24 hours and then at 60° for 1 hour. A steady evolution 
of nitrous fumes occurred. On pouring into water, the characteristic smell and a lachrymatory effects of chloro- 
nitromethanes were noted. The solid which separated was recrystallised from alcohol and proved to be 4 : 4-dichloro- 
benzophenone (III) (yield 3-5 g. = soe) 

(iv) 1:1: 1-Trichloro-2 : 2-di-(4-chloro-3 : 5-dinitrophenyl)ethane (XVIII). 4 G. of (XVI) were heated at 100° for 
8 hours with 50 ml. of concentrated sulphuric acid and 30 ml. of fuming nitric acid (d, 1-5) and finally the temperature 
was raised to 150° for 4 hour. The product, after cooling, was poured on ice, and the resulting solid was washed and 
N 105%) from glacial acetic acid, giving small yellow plates, m. p. 223° (Found: N, 10-4. Ealc. for C,,H,0,N,Cl,: 

(v) 1:1: 1-Trichloro-2 : 2-di-(3 : 5-dinitro-4-anilinophenyl)ethane (XIX). This compound was obtained in the form 
of deep orange-red needles, m. p. 231°, by refluxing (XVIII) (0-5 g.) in alcohol (100 ml.) and aniline (1-0 g.) for 
2 hours. It crystallised well from glacial acetic acid (Found: C, 48-6; H, 2-64; N, 18-1. C,,H,,O,N,Cl, requires 
C, 48-4; H, 2-65; N, 13:0%). The same product was obtained from 1 : 1 : 1-trichloro-2 : 2-di-(4-bromophenyl)ethane, 
m. Pp. 141° (Zeidler, Ber., 1874, 7, 1180), which gives a tetranitro-derivative, m. p. 224°, whem heated with nitric/sulphuric 
acid. 

(vi) 1: 1-Dichloro-2 : when boiled in pyridine for 12 hours and then poured 
into cold, dilute hydrochloric acid gave a residue which c: i from hot water in small yellow-brown needles, 
m. p. 222—223°. This was evidently a dipyridinium salt (Found: N, 10-8. C,,H,,0,N,Cl,,2HCl requires N, 9:9; 

(vii) 4: 4’-Dichloro-3 : 3’-dinitrobenzophenone (XVII), was boiled for 4 hours with an excess of aniline (5 mols.). The 
pe was poured into dilute hydrochloric acid and gave an orange-yellow powder which, after repeated isation 

om glacial acetic acid and then chlorobenzene, followed by washing with cold alcohol, gave small c: of the di- 
anilide, m. p. 224° (Found: C, 65:8; H, 3-64; N, 12-0. C,,H,,0O,N, requires C, 66-1; H, 3-97; N, 12-3%). 
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(viii) 4 : 4’-Dichlorobenzophenone (III) was nitrated at 100° in a mixture of nitric and sulphuric acids. The product 
was crystallised repeatedly from acetic acid, when its m. p., at first indefinite at 120—130°, rose to 132°, and this product 
did not depress the m. p. of (XVII) obtained from DDT as described above. 

Other Reactions of DDT.—(1) Action of alkaline reagents. (i) DDT, dissolved in alcohol, was refluxed for 15 minutes 
with sodium hydroxide (1 mol.). The solution was diluted with water, precipitating quantitatively 1 : 1-dichloro- 
2 : 2-di-(4-chlorophenyl)ethylene (II) which crystallised from methyl alcohol in white, shining plates, m. p. 89° (Found : 
C, 528; H, 2-40; Cl, 44-8. Calc. for C,,H,Cl,: C, 52-8; H, 2-52; Cl, 447%). The same product was obtained after 

rolonged refluxing of DDT with excess of sodium hydroxide or sodium ethoxide, or by fusion with sodium hydroxide. 
Partial conversion of DDT into (II) was effected by refluxing for } hour with sodium carbonate in aqueous alcohol. 
(ii) Quantitative conversion of DDT into (II) was effected by refluxing for 2 hours in pyridine, quinoline, or aniline 
in the absence of another solvent). DDT was not attacked when boiled for 3 hours with a 1: 1 mixture of ammonia 
d, 0-88) and alcohol and did not react with 2: 4-dinitrophenylhydrazine in boiling alcohol. 

(2) Degradation by oxidation. DDT was recovered unchanged after refluxing for 20 hours with excess of potassium 

anganate in n-alkali, and also after refluxing for 8 hours with chromium trioxide in glacial acetic acid. (II) was 


' unaffected by boiling with sodium dichromate in acetic acid, but when boiled for 1 hour with 3 mols. of chromium 


trioxide in glacial acetic acid oxidation occurred giving (III) which crystallised from alcoho] in needles, m, p. 146—147° 
(compare p. 337) (Found: C, 62-4; H, 3-5. Calc. for C,;H,OCI,: C, 62-1; H, 3-7%). The m. p. of this specimen 
of (III) was not depressed by an authentic specimen synthesised from chlorobenzene and p-chlorobenzoyl chloride. The 
2: 4-dinitrophenylhydrazone of 4 : 4’-dichlorobenzophenone crystallised from acetic acid in shining red plates, m. p. 241° 


(Found: C, 52-8; H, 2:90; N, 12-9. Calc. for C,,H,,0,N,Ci,: C, 52-9; H, 281; N, 13-0%). 


(3) Decomposition in presence of zinc chloride. 50 G. of DDT and 120 g. of anhydrous zinc chloride were refluxed 
— for 12 hours in 500 ml. of glacial acetic acid when the mixture darkened slightly and a slow stream of hydrogen 
oride was evolved. The solution was then diluted well with water and extracted with chloroform. The chloroform 
layer, after washing with water, was extracted with dilute sodium hydroxide. The alkaline extract on acidification 
ve 4 g. of di-(4-chlorophenyl)acetic acid which crystallised from benzene-petrol in small white needles, m. p. 163—164° 
Demat: C, 59-5; H, 3-6; Cl, 248. C,,H,90,Cl, requires C, 59-8; H, 3-6; Cl, 25-1%). The residual chloroform 
extract yielded 30 g. of (II). The ethyl ester of di-(4-chlorophenyl) acetic acid crystallised from methyl alcohol in white 
needles, m. p. 88° (Found : C, 62-4; H, 4:83. C,,H,,0,Cl, requires C, 62-1; H, 453%). Oxidation of the acid with 
sodium dichromate in acetic acid yielded (III). 

Reactions of iso-DDT (IV).—(i) Action of alkali. iso-DDT, m. p. 76°, was refluxed for 15 minutes with alcoholic 
sodium hydroxide (1 mol.), cooled, and diluted. The product (yield 95—100%) crystallised from dilute methyl alcohol 
in white tablets, m: p. 79°, and proved to be 1 : 1-dichloro-2-(2-chlorophenyl)-2-(4-chlorophenyl)ethylene (Found : C, 53-3; 
H, 2:89; Cl, 44-7. C,,H,Cl, requires C, 52-8; H, 2-52; Cl, 447%). 

(ii) Oxidation. The ethylene, m. p/ 79°, oxidised smoothly with chromium trioxide in glacial acetic acid to 2: 4’- 
dichlorobenzophenone (V), which crystallised from aqueous methyl alcohol in white needles, m. p. 66° (Found: C, 
62:1; H, 3-18. Calc. for C,,H,OCI,: C, 62-1; H, 3:2%). This ketone gave a 2: ex oe ee: which 
crystallised from acetic acid in orange-yellow needles, m. p. 230° (Found: C, 52:7; H, 2-62; N, 12-8. Calc. for 
C,,H,,0,N,Cl,: C, 52-9; H, 2-8; N, 13-0%). 

(iii) Nitration. 3 G. of iso-DDT were heated at 100° for $ hour with a mixture of 20 ml. of glacial acetic acid and 
20 ml. of fuming nitric acid. The cooled mixture was poured on ice, and the resulting solid crystallised from alcohol, 
giving deep yellow needles, m. p. 146—147° of 1: 1: 1-trichloro-2-(2-chloro-5-nitrophen ha er ot. 
ethane (Found: C, 38-1; H, 1:77; N, 6-3; Cl, 39-6. Calc. for C,,H,O,N,Cl,: C, 37-7; H, 1-57; N, 6-2; Cl, 
400%). This product was heated for 8 hours at 100° with concentrated sulphuric and fuming nitric acids (1: ). 
cooled, and diluted with water. The solid which separated was 1: 1 : 1-trichloro-2-(2-chloro-3 : 5-dinitropheny])- 
(4chloro-3 : 5-dinitropheny]l)ethane, which crystallised from glacial acetic acid in yellow needles, m. p. 224°, and was 
not identical with tetranitro-DDT (XVIII) (Found: N, 10-3. Calc. for C,,H,O,N,Cl,: N, 10:6%). Its di-anilide 

ised from acetic acid in deep red prisms, m. p. 209°. 

Nitration of DDD (VIII).—(i) 10 G. of DDD were heated at 100° for 3 hours with 100 ml. of a 1: 1 mixture of glacial 
acetic and concentrated nitric acids. The product crystallised from alcohol in pale yellow prismatic needles, and was 
1; 1-dichloro-2 : 2-di-(4-chloro-3-nitrophenyl)ethane, m. p. 176° (Found: C, 41-1; , 2-03; N, 6-7. Calc. 
for C,4H,N,O,Cl,: C, 41-0; H, 1-97; N, 683%). This compound was recovered unchanged after refluxing for 20 hours 
with aniline in ethyl alcohol. 

‘ (ii) 10 G, of DDD were dissolved, by shaking, in a mixture of 50 ml. of concentrated sulphuric and 100 ml. of fuming 
nitric acids. The mixture was then treated with a further 50 ml. of concentrated sulphuric acid and heated at 100 
for 4 hours. After cooling it was poured on to ice, and the solid which separated was crystallised from dilute acetic 
acid, giving pale yellow needles of 1 : 1-dichloro-2 : 2-di-(4-chloro-3 : 5-dinitrophenyl)ethane, m. p. 220° (Found: N, 
11-1, Calc. for C,gH,O,N,Cl,: N, 11-2%). When boiled with aniline in alcohol this tetranitro-compound readily 
formed a di-anilide which crystallised from acetic acid in deep red needles, m. p. 175°. 


All analyses were carried out microchemically by Mr. G. Ingram, to whom thanks are due. The authors thank the 
Chief Scientific Officer of the Ministry of Supply for permission to publish this paper. 
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67. Chemical Investigations of the Insecticide “ DDT” and its Analogues. 
Part II. Symmetrical Analogues. 


By OLIVER STEPHENSON and WILL1AM A. WATERS. 
A number of 4: 4’-disubstituted derivatives of 1: 1 : 1-trichloro-2 : 2-diphenylethane (‘‘ DT’) have been 
prepared, by standard methods, for insecticidal tests, including in particular a series of dialkyloxy derivatives. 
ysiological evidence indicates that both steric and polar factors must be considered in any att pts 
to correlate insecticidal activity with chemical structure, whilst simple physico-chemical analogies between 
paraffinic character and lipoid penetrability do not seem to be cogent, 


Wuen the outstanding insecticidal properties of DDT were first realised it was felt that, though the use as 
insecticides of compounds of the general type RR’CH-CX, (where R, R’ = substituted aryl, or similar group, 
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and X = a halogen) had been patented by Messrs. J. R. Geigy of Basle (B.P. 547,871 and 547,874), the one 
technical product DDT (R = R’ = p-CIC,H,; X = Cl) might not necessarily be the most effective agent for 
all purposes, and perhaps not the compound of this series which has the highest intrinsic insecticidal activity. 
Though it is easily made on the large scale, DDT has the drawback that its solubility in the hydrocarbon oils 
normally used in insecticidal sprays is only about 5%. This may be indicative of a low lipoid solubility (a cogent 
factor in any contact poison) but, more significantly, it is a technical disadvantage, since it is often impractic- 
able to compound spray mixtures from solid DDT and available oils in insect-infested areas, with the con- 
sequence that bulk transport of liquid sprays, or concentrates, has to be undertaken. Bearing in mind the 
technological advantages of a more soluble substitute for DDT, a series of analogues was synthesised for testing 
in this country against various insect pests. Though the valuable review by Lauger, Martin, and Miiller 
(Helv. Chim. Acta, 1944, 27, 892), which became available when this work was nearly completed, has now made 
clear the general conceptions of the Swiss patentees, together with much valuable experimental evidence, 
it is considered that the systematic study of these substances will help to disclose further possible connections 
between insecticidal potency and chemical structure. Through the courtesy of Dr. J. R. Busvine, we have 
been able to indicate some points of interest which have already emerged from this work. 

A few analogues of DDT were prepared by Zeidler and his colleagues in 1874, and between this date and 1940 
certain other compounds of the ‘“‘ DT series ’’ were described by other workers (see References 1—14 later). 
For systematic physiological testing, however, it has been necessary to prepare some known compounds, 
together with many new ones. Tables I and II summarise data, apart from preparative details and records of 


TaBL_E I. 
Alkyl, Halogen, etc., Derivatives of 1: 1: 1-Trichlovo-2 : 2-diphenylethane (‘‘ DT ’’). 
Median lethal concn. (%) of R,CH:CCI, 


yo M. p. of (white oil spray). 
R,C R,C.CCl,. . Lice. Bugs. 
DT 80° 7-5 20 
4: ‘-Dimethyl-DT 87 1-7 3-6 
4:4’-Diethyl-DT ...... 5 5 
4'-Tetramethyl-DT 109. -- W (as 5% in oil) 
4:4’-Difluoro-DT . 31 Moderate 
4: 4’-Dibromo-DT . 141 121 
4: 4’-Di-(w-bromomethyl)- -DT . 144 
?)4: 4’-Dichloro-2 : 2’-dimethyl-DT 107 Inert 
?)2 : 2’-Dichloro-5 : 5’-dimethyl-DT ............ 142 —_— WwW 
richloragi-a-naphthylethane __.................. 158 Inert 
yl)ethane 223 190 Ww 
Trichlorodi-(4-bromonaphthyl)ethane ......... 219 224 Inert 


(W = Weakly insecticidal (ca. 10% kill) when tested as undiluted dust. Inert = Not insecticidal as undiluted dust.) 


TaBLeE II. 
Alkyloxy, etc., Derivatives of 1:1: 1-Trichloro-2 : 2-diphenylethane (‘‘ DT ’’). 
Median lethal concn. (%) of R,CH:CCl, 


M. Pe of M. p. of (white oil spray). 

DT compound. R,CH:-CCl,. R,C.CCl,. Lice. Bugs. 
92 109° 0-9 0-55 
109 . . 109 1-8 0-8 
4: 4’-Dipropoxy-DT ...... 62 80 4 2 
52 76 4 4 
4: 4’-Di-n-amyloxy-DT .. 66 60 4 
4: 4’-Diallyloxy-D sucwseapenedsone 82 66 Moderate (as dust) 

4: ‘-Dicetyloxy-DT _ 79 Inert 
34; 4’-Tetramethoxy-DT _ 116 126 WwW 
2:2’: 5: 5’-Tetramethoxy-DT... 120 146 w 
3 : 3’-Dibromo-é4 : 4’-dimethoxy-DT 143 Ww 
4: 4’-Dihydroxy-3 : 3’-dicarbomethoxy-DT . 200 — WwW 
4: 4’-Di-(p-nitrobenzyloxy)-DT .................. 167 
4: 4’-Di-(2 : 4-dinitrophenoxy)-DT ............... 195 —_ Inert 


some untested compounds of low solubility which are noted enly in the Experimental section. For con- 
venience it has been decided to call the parent substance, 1 : 1 : 1-trichloro-2 : 2-diphenylethane, ‘‘ DT ”’ (from 
“‘ DiphenylTrichloroethane’’), and to denote specifically by name and* orientation only the substituents 
in the aryl nuclei; DDT itself thus being termed 4 : 4’-Dichloro-DT, and iso-DDT, 2 : 4’-Dichloro-DT. 

Since all synthetic compounds of Tables I and II result from the condensation of chloral hydrate with an ortho- 
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para substituting aromatic compound, it has been assumed throughout this work that the pure main products 
isolated by crystallisation were always the 4: 4’-disubstituted compounds. There is ample evidence that 
more soluble analogues of iso-DDT are also formed, but in view of the fact that iso-DDT itself is not a potent 
insecticide the troublesome isolation of its analogues was not undertaken. For the important compound 
4: 4’-dimethoxy-DT, the orientation of the methoxy groups has been rigorously confirmed by degradation to 
4: 4’-dimethoxybenzophenone. 

The condensation of chloral hydrate with aromatic compounds in concentrated sulphuric acid proceeds 
readily with mono-halogeno benzene and naphthalene derivatives on warming, and with alkyl benzene deriv- 
ativesin the cold. With di- or tri-halogeno, or nitro, benzene derivatives oleum has to be used as condensing 
agent (cf. U.S.P. 2,329,074). Benzyl chloride, acetophenone, and acetanilide did not react, whilst chloro- 
phenols did not give products of normal DT type. 

At the outset of this work it was known that 4 : 4’-dimethoxy-DT had some insecticidal properties, and hence 
the dialkyloxy compounds of the DT series were investigated in some detail, as well as a few diacyl derivatives. 
Two routes are available for the preparation of these substances: (a) alkylation of the easily-made condens- 
ation product of phenol with chloral, (b) condensation of chloral with phenyl alkyl ethers, usually in a mixture 
of acetic and concentrated sulphuric acids. 

In practice it was found that only route (b) regularly gave clean products in good yield for the lower mem- 
bers of the series, though method (a) is useful for the preparation of higher members. The main drawback to 
method (a) is that hydrogen chloride may be eliminated from the CH-CCl, group during the condensation, with 
consequent contamination of the products by ethylenic compounds, many of which have also been prepared. 
Though the number of compounds in this group could be extended indefinitely, it is considered that Table II 
includes all the potentially useful insecticides of dialkyloxy-DT type: other members are likely to be too 
insoluble for use in solution, or too costly for use in place of DDT itself in dusting powders. Tests with a few 
representative acyloxy derivatives of DT indicate that compounds of this type are most unlikely to have any 
insecticidal value. 

Connections between Chemical Structure and Insecticidal Power.—The fact that iso-DDT is less effective than 
either DDT or even 4-chloro-DT (Busvine, Nature, 1945, 156, 169) indicates that the position of the substituent 
in the aromatic nucleus is quite as important as its mere presence. The fact that the Swiss investigators 
(Lauger e# al., loc. cit.) have found that two para substituents, R, must be present in all effective insecticides 
of the general type R-aryl-G—aryl-R where —G- is a group such as —S—, -SO,—, >CH-CCI, etc., suggests that it is 
not just the “‘ electronegative character ’’ of the substituent R but the whole shape of the molecule which is 
significant. A mere mechanical view of tissue penetration by any contact poison leads to this view, and it is 
substantiated by the fact that toxicity vanishes in the DT series when the aryl groups become very large. The 
fact that p-alkyl and p-alkyloxy groups become less effective the longer the alkyl chain indicates that enhanced 
paraffinic character is not beneficial, even when it leads to a lowering of the m. p. and enhanced oil-solubility 
of the product. Thus simple analogies between lipoid penetrability and fatty acid type of structure cannot be 
cogent (compare Busvine, Joc. cit.). 

The fact that the relative toxicities of DDT and 4 : 4’-dimethoxy-DT are different for bugs and lice (Table 
III) suggests that a specific toxic action of the substituent, in the para position, is at least as important as the 


steric factor, and indicates that the scope for investigation of para-substituted derivatives of DT may not yet be 
exhausted. 


III.* 
Relative median lethal concentrations. 
Insects. 4:4’-Dichloro-DT. 4: 4’-Dimethoxy-DT. DT. 
0-6 1-8 14 
1-0 1-0 40 


* Results communicated by Dr. J. R. Busvine (compare Nature, 1945, 156, 169). 


EXPERIMENTAL. 


‘ Rena. a of DDT have been prepared by the following workers, and the references cited will subsequently be referred 
y number : 
1 Zeidler, et al., Ber., 1874, '7, 1181. 
? Goldschmidt, Ber., 1873, 6, 985, 1504. 
® Elbs and Forster, J. pr. Chem., 1889, 39, 300. 
* Elbs, J. pr. Chem., 1893, 47, 66. . 
5 Grabowski, Ber., 1878, 11, 298. 
® Calvet and Mejuto, J., 1936, 554. ; 
7 Dinesmann, Compt. rend., 1905, 141, 201. 
® Rusanoff, J. Russ. Phys. Chem. Soc., 1891, 28, 217. 
® Auwers, Ber., 1903, 36, 1892. 
10 Fritsch and Feldmann, Amnalen, 1899, 306, 77. 
" Frankforter and Kritchevsky, J. Amer. Chem. Soc., 1915, 37, 386. 
#2 Frankforter and Kritchevsky, J. Amer. Chem. Soc., 1914, 36, 1511. 
#8 Frankforter and Harris, J. Amer. Chem. Soc., 1926, 48, 3144. 
™ Chattaway and Muir, J., 1934, 701. 


Notes on Preparations of Previously Known Substances.—The condensation of toluene and chloral hydrate gives 
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roducts at 40° or above, and 4: 4’-dimethyl-DT “: 1”) was best prepared by adding toluene dropwise to stirred 
chloral hydrate in concentrated sulphuric acid at 0°. 

2:4: 2’: 4’-Tetramethyl-DT “:1*) was obtained similarly from technical xylene as a viscous solid from which, by 
distillation and subsequent crystallisation, a pure solid, m. p. 109—110°, was obtained (Found: C, 63-1; H, 5-26; Ci, 
30-9. Calc. for C,,H,,Cl,: C, 63-2; H, 5-54; Cl, 31-0%). 

' 4: 4’-Dibromo-DT “™ required condensation at 90° for lhour. It yielded an ethylene, m. p. 121°, and a tetranitro- 
derivative, m. p. 224° (v. Part I). 

4: 4’-Dihydroxy-DT “: ® 1) resulted from condensation at 20° in a 1 : 1 mixture of concentrated sulphuric and glacial 
acetic acids. It was easily soluble in aqueous alcohol, but sparingly soluble in benzene. 

4: 4’-Dimethoxy-DT “°. 1%) was obtained from anisole by the use of sulphuric/acetic acid mixture at 20°, and crystal- 
lised well from methyl alcohol in white prisms, m. p. 92°. Its ethylene, m. p. 109°, was oxidised by chromium trioxide 
in acetic acid to 4: 4’-dimethoxybenzophenone, m. p. 144°. Methylation of 4: 4’-dihydroxy-DT in methyl alcohol 
with methyl iodide and 1 equiv. of sodium methoxide yielded a gum, from which the dimethoxy-DT, m. p. and mixed 
m. p. 94°, was obtained in 75% yield. Ethyl, propyl, butyl, and amyl iodides all gave gummy alkylation products 
which could not be crystallised without great loss of yield. 

Trichlorodi-(4-chloronaphthyl)ethane “: 5. §. 4) was obtained by condensation with concentrated sulphuric acid at 
30° for 2 hours, and crystallised from benzene—alcohol (1 : 2), m. p. 223° (Found: C, 58-3; H, 2-92; Cl, 39-2. Calc. for 
C,,H,,Cl, 58-2; H, 2°88; Cl, 39-0%). 

1 : 1-Dichloro-2-di-(4-chloro-a-naphthyl)ethylene was prepared from the above by refluxing for 3 hours with potassium 
hydroxide in pyridine, and crystallised from acetic acid in white needles, m. p. 190° (Found: C, 63-6; H, 3-27. C,.H,,Cl, 
requires C, 63-2; H, 2-89%). 

Preparations of New Compounds.—1 : 1: 1-Trichloro-2 : 2-di-(4-bromo-a-naphthyl)ethane was prepared by adding 
a-bromonaphthalene (60 g.) to a stirred mixture of chloral hydrate (40 g.) and concentrated sulphuric acid (300 ml.) at 
30°, and crystallised from benzene—alcohol in plates (46 g.), m. p. 219° (Found: C, 48-8; H, 2-46; Cl, 19-7; Br, 29-5, 
C,.H,,Cl,Br, requires C, 48-6; H, 2-39; Cl, 19-6; Br, 29-4%). The dichloroethylene had m. p. 224° (Found: C, 52:3; 
H, 2-4. C,.H,,Cl,Br, requires 52-1; H, 2-4%). 

4:4’-Diethyl-DT. Ethylbenzene (71 g.) was added dropwise during 2 hours to stirred chloral hydrate (57 g.) in 
concentrated sulphuric acid (200 ml.) at 0°. The product, after washing with cold sodium carbonate solution, distilled 
at 183—186°/0-5 mm. and solidified on freezing to — 20°, but was a viscous gum at room temperature. On heating 
for 1 hour at 100° with nitric/sulphuric acid it gave a tetranitro-derivative which crystallised from acetic acid in pale 
ge prisms, m. p. 194° (Found: C, 41-7; H, 3-0; N, 10-6. C,,H,,;0,N,Cl, requires C, 41-4; H, 2-9; N, 10-4%). 

e dichloroethylene was also a gum. 

4: 4’-Di-(w-bromomethyl)-DT. 5 G. of 4: 4’-dimethyl-DT and 5 g. of bromine were warmed in carbon tetrachloride 
(20 ml.) in a strong light. Hydrogen bromide was evolved, and reaction was complete in 1 hour. The solution on 
evaporation gave a gum which solidified on addition of petrol, and on recrystallisation from absolute alcohol gave small 
white prisms, m. p. 144° (Found: C, 40-9; H, 3-0. C,,H,,Cl,Br, requires C, 40-7; H, 28%). The compound was easily 
hydrolysed by sodium carbonate solution, but the resulting dialcohol was a viscous gum. 

4: 4’-Dichloro-2 : 2’-dimethyl-DT was obtained by condensing m-chlorotoluene with choral hydrate in sulphuric acid 
at 60°. It crystallised from alcohol in colourless rhombs, m. p. 107° (Found: C, 50-2; H, 3-7; Cl, 46-4. C,,H,,Cl, 
requires C, 50-2; H, 3-4; Cl, 46.4%). By this procedure o-chlorotoluene gave an oil, dp 175—200°/1 mm. which could 
not be c: i d was presumably a mixture of isomers. #-Chlorotoluene yielded a solid, m. p. 156° which gave 


rystallised, an 
a dichloroethylene, m. p. 142° (Fourid: C, 55:3; H, 3-5; Cl, 41-1. C,gH,,Cl, requires C, 55-5; H, 3-5; Cl, 41-0%). 
4: 4’-Dihydroxy-3 : 3’-carbomethoxy-DT. ‘The condensation product of chloral and salicylic acid “ by treatment 
with hydrogen chloride in methyl alcohol suspension have a dimethyl ester which crystallised from acetic acid in white 
plates, m. p. 200° (Found: C, 49-6; H, 3-8; Cl, 24-7. C,,H,,O0,Cl, requires C, 49-8; H, 3-5; Cl, 246%). 
4: 4’-Diethoxy-DT was prepared by adding phenetole (100 g.) dropwise during 4 hours to a stirred mixture of chloral 
hydrate (70 g.) in glacial acetic acid (400 ml.) and concentrated sulphuric acid (400 ml.) at 0°. The product was then 
ured on ice and the resulting viscous solid crystallised e weved from methyl alcohol, when it gave small needles 


75 8+), m. p. 109° (Found: C, 57-5; H, 5-1; Cl, 28-5. Cj ,H,,0,Cl, requires C, 57-6; H, 5-1; Cl, 285%). The same 

method was used in preparing the following homologues, from the corresponding, previously purified, phenyl ethers : 
Found (%). Required (%). 

Pp. H. Cl. C. H. 

Dipropyl] deriv. 59-8 5-61 26°6 59-7 5-77 

Dibuty] deriv. 61-1 5-98 24-4 61-4 6-33 

Di-n-amyl deriv. ......... 


These products all gav 


Found (%). Required (%). 
M. p. H. Cl, Cc H. 
76 66-8 6-24 6-67 


By condensation at 50°, tetramethoxy-DT products were obtained from veratrol, m. p. 116° (Found : C, 53-1; H, 4-7; 
Cl, 26-2. C,,H,,0,Cl, requires C, 53-2; H, 4:7; Cl, 26-2%), and quinol dimethyl ether, m. p. 120° (Found: C, 53:3; 
H, 4°82; Cl, 26-4%), and these yielded ethylenes, m. p. 126° (Found: C, 58-6; H, 4:94; Cl, 19-2. C,,sH,,O,Cl, requires 
C, 58-5; H, 4:91; Cl, 19-2%) and 146° (Found: C, 58-3; H, 4:7; Cl, 19-2% respectively). 

The following di-alkyloxy-DT compounds were prepared by refluxing the corresponding alkyl bromide, or chloride, 
with alcoholic 4 : 4’-dihydroxy-DT in the presence of 1-0 equivalents of sodium ethoxide. 


Found (%). Required (%). 


8 
7 


R,CH:-CC\,. 
3-60 
2-83 


Di-(2 : 4-dinitrophenyl) deriv. 
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‘a a dichloroethylene, m. p. 66° (Found: C, 66-6; H, 5-2; Cl, 19-5. C,,.H,,0,Cl, requires C, 66-5; 

4: 4’-Di-(w-carbometho. hyl)-DT was obtained in low yield by adding a solution of sodium (0-2 mol.) in methanol 
to 4: 4’-dihydroxy-DT (0-1 mol.) in methyl chloroacetate, and then refluxing for 6 hours. It crystallised in needles, 
m. p. 142° (Found: C, 52-4; H, 4-2; Cl, 22-7. Cy 9H,,0,Cl, requires C, 52-0; H, 4-1; Cl, 23-1%). 

he following diacyl derivatives of 4: 4’-dihydroxy-DT were prepared by standard methods. With the exception 
of the dicinnamoyl ester, which gave a weakly insecticidal dust, they were all physiologically inert. 


Diacyl Derivatives of 4 - 4'-Dihydroxy-DT. 


Found (%). Required (%). 
H. H. 


M. p. Cc Cc. Cl. 

59 63-7 6-92 18-3 64-2 7°25 
234 63-7 3-68 63-9 3-64 
Di-p-nitrobenzoyl deriv. 248 54:5 3-0 54:6 2-78 
Dicinnamoy] deriv. 67-0 4:25 18-5 66-6 4-01 18-4 
Di-p-toluenesulphony] deriv. 220 54-0 4-04 17-1 53-7 3-71 17-0 

10-5 10-5 


3 : 3’-Dibromo-4 : 4’-dimethoxy-DT was prepared ef brominating dimethoxy-DT in boiling carbon tetrachloride. It 
crystallised from alcohol; m. p. 143° (Found: C, 38-1; H, 2-4. C,,H,,0,Cl,Br, requires C, 38-1; H, 2-7%). 


All analyses were carried out microchemically by Mr. G. Ingram. The authors thank Dr. J. Forrest for assistance 
in preparing a few of the compounds listed in Table I, and Dr. J. R. Busvine (Ministry of Health Entomologist) for per- 
mission to quote results of his insecticidal tests. Acknowledgment is due to the Chief Scientific Officer of the Ministry 
of Supply for permission to publish this paper. 
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68. Synthetic Antimalarials. Part I. Some Derivatives of Arylamino and 
Aryl Substituted Pyrimidines. 


By F. H. S. Curp and F. L. Rosz. 


The preparation of a series of 2-anilino-4-dialkylaminoalkylamino-6-methylpyrimidines carrying chlorine 
and methoxy] substituents in the anilino residue which represents a new type of antimalarial structure is 
described. The general method of preparation comprises the reaction of the appropriate aniline with 4-hydroxy- 
2-methylthio-6-methylpyrimidine to give a 2-anilino-4-hydroxy-6-methylpyrimidine which is converted into 
the corresponding 4-chloro-2-anilino-6-methylpyrimidine by the action of —— chloride, the 4-chlorine 
sad — then replaced by a dialkylaminoalkylamino group by heating with the di laminoalkylamine at 

Several other types of pyrimidine derivative have been prepared for examination as antimalarials. These 
include a variety of 2-anilino-4 : 6-dimethyl- and 4-anilino-2 : 6-dimethyl-pyrimidines carrying chlorine or 
methoxyl groups as substituents in the anilino residue and a series of similarly substituted 4-8-diethylaminoethyl- 
amino-2-phenyl-6-methylpyrimidines; none of these compounds exhibited any antimalarial activity. 


In this series of papers we describe the synthetic work commenced in these laboratories in 1942 with the object 
of discovering new and improved drugs for the therapeutic and prophylactic treatment of malaria. A full 
account of the methods of testing employed and the results obtained will be given in detail in a related series 
of papers to be published in the Amnals of Tropical Medicine and Parasitology but, in order to illustrate the 
direction of our investigations, we give an indication of the antimalarial activity of the various compounds 
in each paper of this series. 

The properties to be possessed by the ideal antimalarial drug have been defined by Sinton (Festschrift 
Bernhard Nocht zum 80 Geburtstag, 1937, p. 240, Hamburg, Augustin), but the requirements are exacting and 
we set ourselves, initially, the more limited objective of finding a new synthetic substitute for quinine without 
the disadvantages of mepacrine.* Mepacrine, though a more effective schizonticide than quinine, sometimes 
produces symptoms of intolerance, such as gastro-intestinal disturbances; having dyestuff properties and being 
stored to some extent in cutaneous tissues, it may impart to the skin a yellow colour, which, though harmless, 
may be objectionable; its manufacture involves many stages, and it is, therefore, probably too expensive 
for the mass treatment of poor communities. A: 

The main desiderata were therefore low toxicity, freedom from dyeing properties, and cheapness. We 
_ impressed by the potentialities afforded by pyrimidine derivatives as a basis of antimalarials for a number 
of reasons. 

The quinoline nucleus of pamaquin and the acridine nucleus of mepacrine are heterocyclic systems foreign 
to the animal body, and we considered that one feasible approach towards the synthesis of less toxic antimalarial 
drugs would be to build up antimalarial structures on the basis of some ring system of biological importance, 


* The names mepacrine hydrochloride and uin are now officially adopted in this country for atebrin and 

plasmoquine geome f (British Pharmacopeia, 1932, 3rd Addendum, p. 14; 4th Addendum, p. 24). We propose 

i = use the British names in these communications, but for the sake of brevity mepacrine hydrochloride will be referred 
as mepacrine. 
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since for such compounds the animal body would probably possess more tolerance because the development 
of new methods of detoxification would not be called for, but only an adaptation or modification of some 
process already developed and utilised. 

The malaria parasites, during the part of their life cycle in the human host, are generally believed to be 
intracellular, and the importance of pyrimidine derivatives, both by themselves and when built into purines, 
as constituents of the nucleic acids and certain vitamins and coenzymes, in cell chemistry needs no emphasis. 
It therefore seemed possible that there might be some undiscovered connection between pyrimidine derivatives 
and the biological processes of the malaria plasmodia. 

Except for the investigation of sulphonamide derivatives of pyrimidine, little attention has been given to this 
heterocyclic nucleus as the basis of chemotherapeutic substances. Many heterocyclic systems have potential 
chemotherapeutic properties which become manifest by the attachment of suitable groupings, and there was 
no reason to suppose that pyrimidine would prove to be an exception. Moreover many types of pyrimidine 
derivative are easily synthesised, so that another of our prerequisites, namely simplicity, appeared capable of 
attainment. Unlike acridine this nucleus is also non-chromophoric. 

We were led to the investigation of pyrimidine derivatives by a consideration of the antimalarial activity 
of the sulphonamide drugs discovered by Diaz de Leén (Bol. Ofic. Sanit. Pan-Amer., 1937, 16, 1039; English 
translation in Publ. Hith. Rep. Washington, 1937, 52, 1460). The structural resemblances between the other 
known antimalarial drugs have been pointed out by numerous workers, but the sulphonamides did not appear 
to conform to the general pattern. We therefore concluded either that their activity must be completely 
unrelated to that of the other antimalarials, or that some relationship must be sought. Consequently, before 
the demonstration by Marshall, Litchfield, and White (J. Pharm. Exp. Ther., 1942, 75, 89) that the antimalarial 
action of the sulphonamides is related to their antibacterial action, both being inhibited by p-aminobenzoic 
acid, we sought to explain the activity of this type of drug against the parasites of malaria on lines similar to 
those put forward by Magidson, Delektorskaya, and Lipowitsch (Arch. Pharm., 1934, 272, 74; see also Magid- 
son and Grigorowsky, Ber., 1936, 69, 396) in connection with antimalarial drugs of the acridine and quinoline 
series. According to these workers different parts of the molecule have different functions. In their view 
the basic side chain is primarily of pharmacological importance, controlling the absorption and distribution 
of the drug in the host and aiding its penetration into the parasite and to the particular point where the toxic 
action is exerted, whereas the parasiticidal action is the function of the substituted acridine or quinoline nucleus. 
In a corresponding manner we regarded the sulphonamides as aniline derivatives in which the sulphonamide or 
substituted sulphonamide group performed the same pharmacological function as suggested for the basic side 
chain in the other types of antimalarials. Since, however, the attainment of very high blood levels is character- 

istic of the sulphonamide derivatives from 2-aminopyrimidine and 2-amino-4 : 6-dimethylpyrimidine we con- 
sidered it possible that the introduction of these residues into other structures might confer similar properties 
on them, and we therefore examined compounds of type (I) and (II), which can be regarded as pyrimidine 
derivatives of aniline. 


R Me Me ; 
NH H Me 
(I.) (II.) (III.) 


A few compounds of types (I) and (II) were already known. St. Angerstein (Ber., 1901, 34, 3962) prepared 
2-anilino-4 : 6-dimethylpyrimidine (I; R = R’ = R” = H) by condensation of aniline with 2-chloro-4 : 6- 
dimethylpyrimidine, and Schmidt (ibid., 1902, 85, 1578) obtained 4-anilino-2 : 6-dimethylpyrimidine (II; 
R = H) bya similar method from 4-chloro-2 : 6-dimethylpyrimidine. In addition to the above the following 
have now been made by similar methods: 2-p-anisidino- (I; R = R” =H, R’ = OMe), 2-p-chloroanilino- 
(I; R=R” =H, R’=Cl), and 2-(3’ : 5'-dichloroanilino)-4 : 6-dimethylpyrimidine (I; R= R” =Cl, 
R’ = H) and 4-p-anisidino-2,; 6-dimethylpyrimidine (II; R = OMe), but all of these compounds are without 
activity against P. gallinaceum in chicks. 

2-Anilino-4 : 6-dimethylpyrimidine was also obtained in very small yield by condensing aniline with 
2-methylthio-4 : 6-dimethylpyrimidine (III) (Wheeler and Jamieson, Amer. Chem. J., 1904, 32, 356) at a high 
temperature. In view of the facility with which anilines react with 4-hydroxy-2-methylthio-6-methylpyrimi- 
dine with elimination of methylthiol (see below) the relative unreactivity of (III) is noteworthy. Our 
investigations have not so far included a sufficient variety of methylthiopyrimidines to enable any final conclus- 
ions to be drawn as to the exact structure necessary for lability of the methylthio-group, but’in 4-hydroxy-2- 
methylthio-6-methylpyrimidine the tautomeric possibilities (XI) =» (X) allaw the assumption of a structure 
similar to that found in methylisothiourea, where the methylthio-group is well known to be labile, whereas in 
2-methylthio-4 : 6-dimethylpyrimidine no such tautomerism is possible. 

Attention was next directed to the preparation of pyrimidine derivatives carrying dialkylaminoalkylamino 
groups which are characteristic of mepacrine and pamaquin. Such compounds have not been described 
previously, and the 4-dialkylaminoalkylamino derivatives appeared to be of particular interest since one 
tautomeric possibility in this type of compound [(IV) == (V)] is exactly analogous to that which can occur 
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in mepacrine [(VI) == (VII)] and to which Schénhdfer (Z. physiol. Chem., 1942, 274, 1) has related the 
antimalarial activity of this substance. 


N-CH-[CH,],-NEt, d -CH-[CH,],"NEt, 

(IV.) (V.) (VI.) (VII. 


From this early stage in our investigations we were fortunate in having the collaboration of workers at 
Manchester University under the direction of Professor A. R. Todd, F.R.S., and their investigations, which 
began, with simple pyrimidines, will form the subject of some papers in this series. We greatly appreciate 
this collaboration. 

We selected certain 2-phenylpyrimidines containing a dialkylaminoalkylamino group in the 4-position, 
of the type (IX), for initial study since their molecular weights would lie between 300 and 400 which is a feature 
of the most potent antimalarials. Insertion of a chlorine atom or a methoxy group in the 2-phenyl group 
was included because such substituents are found in the fused benzene nuclei of the mepacrine molecule. 

There are several recorded instances of the replacement of the 4-chlorine atom in compounds of type (VIII) 
(which are easily accessible by condensation of the appropriate benzamidine with ethyl acetoacetate followed 
by replacement of the hydroxy group in the resulting hydroxypyrimidine by a chlorine atom) by an amino 
group by reaction with ammonia at 150—160° or above (compare Johnson and Storey, Amer. Chem. J., 1908, 
40,1; Pinner, Ber., 1887, 20, 2363), so that a similar replacement by a dialkylaminoalkylamino group appeared 
feasible. Actually it was found that the reaction with a dialkylaminoalkylamine proceeded smoothly at 
120—130° to give compounds of type (IX). 


N Me N Me 
N-XH-(CH,],"NEt, 
(VIIL) (IX.) 


In this way 4-chloro-2-phenyl- (VIII; R = R’ = H), -2-p-methoxyphenyl- (VIII; R = OMe, R’ = H), 
-2-m-methoxyphenyl- (VIII; R =H, R’ = OMe) and -2-p-chlorophenyl-6-methylpyrimidine (VIII; R = Cl, 
R’ = H) have been condensed with {-diethylaminoethylamine to give the corresponding 4-8-diethylamino- 
ethylamino compounds (IX; R = R’ = H), (IX; R = OMe, R’ = H), (IX; R =H, R’ = OMe) and (IX; 
R = Cl, R’ = H), respectively. 

A pamaquin type of synthesis involving condensation of an aminopyrimidine with a dialkylaminoalkyl 
halide was rejected at the outset for several reasons. There was no recorded instance of an amino group in the a- 
or y-position to a heterocyclic nitrogen atom having been converted into a dialkylaminoalkylamino group by 
such a condensation (a process of this type was mentioned but not exemplified in D.R.-P. 683,692) and the 
reaction would obviously be difficult since compounds with an amino group in this position tend in general to 
behave as if they were «- or y-iminodihydro derivatives. There was also the possibility that, because of this 
behaviour, substitution might occur on one of the heterocyclic nitrogen atoms, and the constitution of the 
products would thus be open to doubt. This possible complication was considered to be even more likely 
in the projected preparation of other compounds of general formula (XIV; R’ = dialkylaminoalky]). 

Compounds of this type were considered to be of potential interest because they would combine in a different 
manner two of the structural features of mepacrine: a basic alkylamino heterocyclic system of the type 
referred to above and a chlorine- or methoxyl-substituted anilino residue which can be identified as fused 
components of the mepacrine molecule in one of its tautomeric forms (VII). Further, Schénhéfer (loc. cit.) 
has suggested that the antimalarial activity of pamaquin may be due to the possibility, which exists in a mole- 
cule of this orientation, that under biological conditions. compounds of quinonoid character may be formed, 
and it was considered that the same possibility existed in 2-p-anisidino-4-8-diethylaminoethylamino-6-methyl- 
pyrimidine (XIV; R = OMe, R’ = CH,°CH,"NEt,). The synthesis of this compound was therefore under- 
taken. 

Several 4-chloro-2-anilinopyrimidines have already been described (see Wheeler and Bristol, Amer. Chem. J., 
1905, 33, 487; Johnson and Heyl, ibid., 1907, 38, 237; Johnson and Storey, ibid., 1908, 40, 131). The method 
of synthesis utilised in the preparation of these compounds involved condensation of a 4-hydroxy-2-alkylthio- 
pyrimidine and an aniline with elimination of alkylthiol to give a 2-anilino-4-hydroxypyrimidine followed by 
the replacement of the hydroxy group in the latter by a chlorine atom by reaction with phosphory] chloride. 
A similar reaction sequence [(XI) —> (XII; R = OMe) —-> (XIII; R = OMe)] has now been successfully 
utilised for the preparation of 4-chlovo-2-p-anisidino-6-methylpyrimidine, and it has. been found that the 
replacement of the 4-chlorine atom by a diethylaminoethylamino group to give 2-p-anisidino-4-f-diethyl- 
aminoethylamino-6-methylpyrimidine (XIV; R = OMe, R’ = CH,°CH,-NEt,) takes place on heating with 
diethylaminoethylamine under conditions identical with those previously successful in a similar replacement 
of the 4-chlorine atom in 4-chloro-2-phenyl-6-methylpyrimidine and its derivatives. 
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The intermediate 2-p-anisidino-4-hydroxy-6-methylpyrimidine (XII; R = OMe) has also been obtained by 
condensation of p-anisylguanidine with ethyl acetoacetate. This is apparently the first recorded instance 
of the reaction of an aryl-substituted guanidine with a @-keto ester, although there are numerous examples 
of such condensations using guanidine itself (cf., e.g., Behrend, Ber., 1886, 19, 220; Byk, ibid., 1903, 36, 1918). 
This can probably be attributed to the relative inaccessibility of the arylguanidines which, incidentally, 
prevented us from making this reaction a general method for the preparation of compounds of the type (XII). 
No indication was obtained of the formation of any second substance in the reaction; in this respect the 
condensation of an arylguanidine with a §-keto ester appears to differ from the behaviour of alkylguanidines, 
since Majima (Ber., 1908, 41, 180) has shown that the latter, when condensed with ethyl acetoacetate, give 
not only the expected 2-alkylamino-4-hydroxy-6-methylpyrimidine but also some of the isomeric 2-amino-4- 
methyl-1-alkyluracil. 


(X.) (XI.) (XII.) (XITII.) 
HR’ \ NR’ 
Me 1 Me e 
(XIV.) (XV.) (XVI.) 


We next applied the method outlined above to the preparation of 2-p-chloroanilino-4-8-diethylaminoethyl- 
amino-6-methylpyrimidine (XIV; R = Cl, R’ = CH,°CH,-NEt,). Heating p-chloroaniline with 4-hydroxy-2- 
methylthio-6-methylpyrimidine gave 2-p-chloroanilino-4-hydroxy-6-methylpyrimidine (XII; R= Cl) which 
was converted into 4-chloro-2-p-chloroanilino-6-methylpyrimidine (XIII; R = Cl) by the action of phosphoryl 
chloride and thence into (KIV; R = Cl, R’ = CH,°CH,*NEt,) by reaction with 6-diethylaminoethylamine. 

With the discovery of antimalarial activity in 2-p-chloroanilino- and 2-p-anisidino-4-$-diethylaminoethyl- 
amino-6-methylpyrimidine which represent a new type of antimalarial structure, a number of possibilities 
were open to us. We elected first to investigate the effect of varying the 4-dialkylaminoalkylamino group. 
In other series of antimalarial drugs significant variations in activity occur with variation of the basic alkyl 
side chain (see, ¢.g., Fourneau, Tréfouel, Bovet, and Benoit, Ann. Inst. Pasteur, 1933, 50, 731; Magidson and 
Grigorowsky, Joc. cit.), and it seemed probable that similar variations would occur in the present series of 
compounds, particularly if the mechanism of their plasmodicidal action is, as we have suggested elsewhere 
(Curd, Davey, and Rose, Aun. Trop. Med. Parasit., in the press), an interference with the function of riboflavin 
in an enzyme system essential to the parasite and if some “ molecular fit ” or spacing of corresponding groups is 
involved. Further, even if the function of the basic alkyl side chain is purely of a pharmacological nature, 
it did not follow that the optimum basic side chain in the new pyrimidine type of antimalarial would necessarily 
be the same as in the pamaquin or mepacrine series, because the effect produced must to some extent be 
conditioned by the nature of the remainder of the molecule. 

4-Chloro-2-p-chloroanilino-6-methylpyrimidine was accordingly condensed with a variety of dialkyl- 
aminoalkylamines to give the following 6-methylpyrimidines : 2-p-chloroanilino-4~y-diethylaminopropylamino- 
(XIV; R=Cl, R’ = 2-p-chloroanilino-4-y-dimethylaminopropylamino- (XIV; R= Cl, 
R’ = [CH,],"NMe,), 2-p-chloroanilino-4-8-diethylaminobutylamino- (XIV; R=Cl, R’ = [CH,],"NEt,), and 2-p- 
chloroanilino-4-8-diethylamino-a-methylbutylamino- (XIV; R=Cl, R’ = CHMe-(CH,],-NEt,). The results 
(see table) indicated that further variations of the side chain would be desirable, but these compounds will be 
described in a later paper. 

Attention was next directed to the necessity for, and the positioning of, the substituent in the anilino 
residue. In order to investigate these points we prepared as dihydrochlorides the following 6-methylpyrimi- 
dines: (XVI; R=Cl, R’ = NH-[CH,],"NEt,), ~y-diethyl- 
aminopropylamino- (XVI; R=Cl, R’ = 2-m-chloroanilino-4-y-diethylaminopropylamino- 
(XV ; R=NH-[CH,],‘NEt,), (XVI; R = OMe, R’ = NH-[CH,],*NEt,), 
and 2-anilino-4-B-diethylaminoethylamino- (XIV; R =H, R’ = [CH,],"NEt,). 

The method outlined above for the preparation of the 2-anilino-4-dialkylaminoalkylamino-6-methyl- 
pyrimidines is only one of several which have been successfully applied. In this paper we describe one which 
involves a method of “ building up ” the alkylamino side chain. A similar process for introducing the side 
chain in stages is indicated in the patent literature as applicable to compounds of the mepacrine type (E.P. 
363,392) and has been employed by Crum and Robinson (J., 1943, 561) in their investigation of certain types 
of compounds related to pamaquin. Its interest lies in the possibilities it offers for the introduction of side 
chains, such as those with a terminal secondary amino group, which would be difficult by the usual methods. 
4-Chloro-2-p-chloroanilino-6-methylpyrimidine (XIII; R = Cl) has been caused to react with §-aminoethyl 
alcohol to give 2-p-chloroanilino-4-8-hydroxyethylamino-6-methylpyrimidine (KIV; R = Cl, R’ = CH,*CH,°OH) 
which with phosphoryl chloride gave the hydrochloride of 2-p-chloroanilino-4-8-chloroethylamino-6-methyl- 
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pyrimidine (XIV; R= Cl, R’ = CH,°CH,Cl). Reaction of the last compound with diethylamine gave 
(XIV; R=Cl, R’ = CH,’CH,:NEt,). 

Certain points in connection with the reaction of chloropyrimidines and dialkylaminoalkylamines merit 
consideration. Ifthe reactivity of the chlorine atoms is due to their iminochloride character it might have been 
anticipated that compounds of type (XIII), because of their tautomeric possibilities, would be less reactive 
than compounds of type (VIII). If, however, the resonance forms of both types are also taken into con- 
sideration it is evident that the proportion of molecules exhibiting an imino-chloride structure at any given 
moment is probably the same in both (VIII) and (XIII). A comparable reactivity therefore appeared most 
likely and, as pointed out above, both types were found to react with dialkylaminoalkylamines with equal 
facility under the conditions employed. 

Banks (J. Amer. Chem. Soc., 1944, 66, 1127, 1131) has noted that the reaction between a number of chloro- 
pyrimidines and arylamines is ‘accelerated by an increase in hydrogen-ion concentration, a fact of which we 
were already aware as the result of an investigation into possible methods of preparation of compounds 
isomeric with those of type (XIV) which will be reported later. Banks failed to obtain any evidence of con- 
densation of chloropyrimidines with diethylaminopropylamine under similar conditions, and this also applies 
to the chloropyrimidines of type (XIII) which we have investigated. It therefore seems probable that the 
reaction between chloropyrimidines and dialkylaminoalkylamines proceeds by some mechanism other than 
that put forward by Banks for the reaction with aromatic amines, although the failure of dialkylaminoalkyl- 
amines to react under aqueous conditions for other reasons cannot yet be definitely excluded. 


Antimalarial Activities. 
The antimalarial activity of the various compounds was estimated by testing against P. gallinaceum in 
chicks by the method described by Curd, Davey, and Rose (loc. cit.). The activity at various doses is indicated 
as inactive (—), slight (+), or marked (++). Unless otherwise stated the drugs were administered orally. 


Ref. No. Formula of base. Dose, mg./kg. Activity. 
2-Anilino-4 : 6-dimethylpyrimidines and 4-anilino-2 : 6-dimethylpyrimidines, 
2637 I; R= R’ = R” =H 500 _ 
2638 I; R= R” =H, R’ = OMe 450 — 
2775 ~ I; R= R” =H, RF’ 500 
2776 I; R= R” =Cl, R’=H 500 _ 
3196 II; R=H 60 _ 
3197 Il; R = OMe 100 - 
4-B-Diethylaminoethylamino-2-aryl-6-methylpyrimidine dihydrochlorides. 
2587 IX; R= R’ =H Not tested against P. gallinaceum 
2639 IX; R = OMe, R’ = H 250 . _ 
2726 IX; R=H, R’ = OMe 100 _ 
2724 IX; R=(Cl, R’ =H 160 
2-Arylamino-4-dialkylaminoalkylamino-6-methylpyrimidine dihydrochlorides. 
2665 XIV; R = OMe, R’ = [CH,],"NEt, 200 +4 
2666 XIV; R = Cl, R’ = (CH,)],"NEt, 100 
3299 XIV; R = Cl, R’ = (CH,],"NEt, 80 ++ 
. 40 + 
3711 XIV; R = Cl, R’ = [(CH,],"NMe, +4 
+ 
3338 XIV; R = Cl, R’ = [CH,],"NEt, = ++ 
3300 XIV; R = Cl, R’ = CHMe-(CH,),"NEt, 200 ++ 
100 om 
3381 XVI; R = Cl, R’ = NH-[CH,],"NEt, 200 + 
150 om 
3466 XVI; R = Cl, R’ = NH-(CH,],"NEt, 200 
3554 XV; R = NH-(CH,],‘NEt, 200 + 
, 150 + 
80 
3382 XVI; R = OMe, R’ = NH-[CH,],"NEt, 200 _ 
100 
2725 XIV; R =H, R’ = [CH,],"NEt, 80 an 
Miscellaneous derivatives. 
2598 XII; R. = OMe 
intraperitoneall 
2792 «= «XII; 200 pe ” 
intra itoneally) 
3608 XIV; R = Cl, R’ = CH,’CH,-OH 300 
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EXPERIMENTAL. 


2-Anilino-4 : 6-dimethylpyrimidine (I; R = R’ = R” = H).—(a) 2-Chloro-4 : 6-dimethylpyrimidine (13-7 g.) and 
aniline (18-6 g.) were heated at 100—110° during 3 hours. Water was added, the precipitated solid extracted with 
benzene, and the solution dried. After removal of solvent and recrystallisation from light petroleum (b. p. 60—80°) 
the product (13-3 g.) formed colourless tables, m. p. 96—97° (Found: N, 21-0. Calc. for C,,H,;N,: N, 21-1%). St. 
Angerstein (loc. cit.) gives m. p. 88—89°. The hydrochloride (2637), prepared by evaporating to dryness, under reduced 
pressure, a solution of the base in 2N-hydrochloric acid, crystallised from acetone as colourless thick prisms, m. p. 185— 
187° (Found : Cl, 15-4, 15-45. Calc. for Cy,H,,N3,HCl: Cl, 15-1%). 

(b) 2-Methylthio-4 : 6-dimethylpyrimidine (15-4 g.) (Wheeler and Jamieson, Joc. cit.) and aniline (18-6 g.) were 
refluxed for 20 hours. Dilution with water and steam distillation left a small amount of an oil which was extracted with 
benzene. Evaporation of the dried benzene solution and crystallisation of the residue from light petroleum (b. p. 60— 
80°) gave 2-anilino-4 : 6-dimethylpyrimidine (1-25 g.), m. p. 95—96° either alone or admixed with a specimen prepared 
by method (a) above. 

2-p-Anisidino-4 : 6-dimethylpyrimidine (I; R= R” =H, R’ = OMe), prepared from 2-chloro-4 : 6-dimethy]- 

yrimidine (14-5 g.) and p-anisidine (25 g.) and crystallised from light petroleum (b. p. 60—80°), had m. P- 88—89° 
(yield, 16-75 g.) (Found: N, 18-4. C,3;H,,ON; requires N, 18-3%). The hydrochloride (2638), prepared by adding 
excess hydrochloric acid to a solution of the base in 2N-hydrochloric acid, formed yellowish needles, m. p. 204—205° 
(Found: C, 51-7; H, 63; N, 14-0. C,,H,,ON;,HC1,2H,O requires C, 51:7; H, 6-6; N, 13-9%). 

2-p-Chloroanilino-4 : 6-dimethylpyrimidine (I; R =" = H, R’ = Cl).—2-Chloro-4 : 6-dimethylpyrimidine (14-25 
g.) and p-chloroaniline (12-75 g.) were heated at 100—110°. After a few minutes a vigorous reaction ensued. When 
this had subsided, heating was continued for 3 hours at the same temperature. The reaction mixture was then cooled 
and worked up as described above for the corresponding condensation with aniline. Crystallised from light petroleum 
(b. p. 60—80°) the compound formed colourless thick prisms, m. p. 118—120° (yield, 13-1 g.) (Found: C, 61-8; H, 5-1; 
N, 18-7. C,,H,,N;Cl requires C, 61-7; H, 5-1; N, 180%). The methanesulphonate (2775) formed colourless laminz, 
m. p. 215—216° (Found: C, 46-9; H, 4-8; N, 13-0. C,,H,,N,Cl,CH,O,S requires C, 47-3; H, 4-7; N, 127%). 

2-(3’ : 5’-Dichloroanilino)-4 : 6-dimethylpyrimidine (I; R = R” = Cl, R’ = H) (2776), prepared from 2-chloro-4 : 6- 
dimethylpyrimidine and 3: 5-dichloroaniline, crystallised from alcohol as colourless thick prisms, m. p. 129—131° 
(Found: N, 15-5. C,,H,,N;Cl, requires N, 15-770). 

4-Anilino-2 : 6-dimethylpyrimidine (II; R = H) (3196), prepared from 4-chloro-2 : 6-dimethylpyrimidine (11-6 g.) 
and aniline (15-15 g.), was obtained as colourless prisms, m. p. 104—105° in agreement with Schmidt (Joc. cit.) (Found: 
N, 20-6. Calc. for C,,H,,;N,;: N, 21-1%). 

4-p-A nisidino-2 : 6-dimethylpyrimidine (II; R = OMe).—4-Chloro-2 : 6-dimethylpyrimidine (12-8 g.) and p-anisidine 
(22-1 8) were heated at 100—110° for 3 hours, and the resulting melt dissolved in water and made alkaline with ammonia. 
After shaking with a small amount of benzene the insoluble material was filtered off and recrystallised from benzene 
giving 4-p-anisidino-2 : 6-dimethylpyrimidine (11-75 g.) as colourless prisms, m. p. 152—153° (Found: N, 18-3. 
C,3;H,,ON, requires N, 18-3%). A further small quantity (1-75 g.) was obtained by drying the above benzene solution, 
evaporating to small bulk, adding light petroleum, and allowing to crystallise. The hydrochloride (3197) was prepared 
by dissolving the base in hot dilute hydrochloric acid, filtering, and adding excess of hydrochloric acid; it formed colour- 
less needles, m. p. 254—256° (Found : C, 58-2; H, 5-8; Cl, 13-4. C,,;H,,ON;,HCl requires C, 58-8; H, 6-0; Cl, 13-4%). 

4-B-Diethylaminoethylamino-2-phenyl-6-methylpyrimidine (IX; R = R’ = H).—4-Chloro-2-phenyl1-6-methylpyrimi- 
dine (10-2 g.) (Forsyth and Pyman, /., 1926, 2506) and f-diethylaminoethylamine (7-25 g.) were heated at 120—130° 
for 6 hours. After cooling, the resulting melt was dissolved in warm dilute hydrochloric acid, the solution poured into 
excess of aqueous sodium hydroxide, and the precipitated oil extracted with ether. The ether was then extracted twice 
with 5% acetic acid, and the acid extracts combined and made alkaline to Clayton yellow with sodium hydroxide. 
The oil was separated, dissolved in ether, and the ethereal solution dried over potassium carbonate and evaporated. 
Distillation of the residue in a vacuum gave 4-B-diethylaminoethylamino-2-phenyl-6-methylpyrimidine as a colourless oil, 
b. p. 166—168°/0-17 mm, (yield, 65%) (Found: C, 71-6; H, 8-4; N, 19-8. C,,H,,N, requires C, 71-8; H, 8-45; N, 

mie” The dipicrate, prepared in methanol solution, crystallised from B-ethoxyethanol-alcohol as thick yellow prisms, 
m. p. 177—178° (Found: C, 47-1; H, 4-0; N, 19-1. C,,H,N,,2C,H,0,N;, requires C, 46-9; H, 4-0; N, 18-9%). The 
dihydrochloride (2587) was prepared from the base as described below for 2-p-chloroanilino-4-8-diethylaminoethylamino- 
6-methylpyrimidine dihydrochloride. It crystallised from alcohol—-ethyl acetate as colourless prisms, m. p. 256—258° 
(Found : C, 52-4; H, 8-0; Cl, 17-7. C,,H,,N,,2HC1,2H,O requires C, 51-9; H, 7-6; Cl, 181% 
4-B-Diethylaminoethylamino-2-p-methoxyphenyl-6-methylpyrimidine (IX; R = OMe, =H), prepared from 
4-chloro-2-p-methoxyphenyl-6-methylpyrimidine (10-9 g.) (Gabriel and Colman, Ber., 1899, 32, 1528) and B-diethyl- 
aminoethylamine (7 g.) in a similar manner, gave a dipicrate which crystallised from f-ethoxyethanol-alcohol as flat 
ellow prisms, m. p. 184—185° (Found: C, 46-7; H, 4:1; N, 18-5. C,,H,,ON,,2C,H,O,N, requires C, 46-6; H, 4:1; 
x. 18-1%), anda ry ary x (2639) which separated from alcohol-ethyl acetate as colourless prisms, m. p. 244° 
(decomp.) (Found: C, 51-8; H, 7-4; Cl, 16-5. C,,H,,ON,,2HCI1,2H,O requires C, 51-1; H, 7-6; Cl, 16-8%). 
m-Methoxybenzamidine Hydrochloride.—m-Methoxybenzonitrile (29 g., unpublished work), dissolved in a mixture of 
absolute alcohol (30 c.c.) and dry chloroform (150 c.c.), was cooled to below 5°, and saturated with dry hydrogen chloride. 
After standing for 2 days it was evaporated to dryness under reduced pressure below 40° and the residue kept in a vacuum 
desiccator over potassium hydroxide until free from hydrogen chloride. The resulting iminoether hydrochloride was 
added to 500 c.c. of alcohol, previously saturated with ammonia at 0°, in a pressure bottle and heated at 40—45° for 10 
hours. The solvent was then removed under reduced pressure at 40—45°, and the residue dissolved in water (300 c.c.) 
and extracted with benzene. After discarding the benzene extract the aqueous layer was decolourised with charcoal 
and evaporated to dryness under reduced pressure. Crystallisation of the residue from alcohol—ether gave m-methoxy- 
benzamidine hydrochloride as colourless thick prisms, m. p. 165—166° (yield, 59%) (Found: C, 51-0; fi. 6-1; N, 15:3. 
C,H, ON,,HCI requires C, 51-5; H, 5-9; N, 15-0%). 

g.) in water (200 c.c.), ethyl acetoacetate (13 g.) was added, followed by a solution of sodium hydroxide (4 g. in 40 c.c. of 
water) added gradually. After standing for 2 days the product which had separated was filtered off, washed with water, 
and dried. Crystallised from ethanol it had m. p. 180—181° (yield, 10-8 g.) (Found: C, 67-2; H, 5-7; N, 13-4. C,,H,,0.N; 
requires C, 66-7; H, 5-6; N, 13-0%). ' 

(VIII; R=‘H, R’ = OMe).—The above hydroxy compound 
(9-5 g.) was refluxed with phosphoryl chloride (24 c.c.) for 4 hour, the clear solution poured on to ice, and the product 
isolated by extraction with ether. After drying and removing the solvent, the residue was crystallised from light petrol- 
eum (b. p. rg giving the chloropyrimidine (6-6 g.), m. p. 68—70° (Found: C, 61-3; H, 4-9; N, 11-7. C,,H,,ON,Cl 
requires C, 61-4; H, 4-7; N, 11-9%). 
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4-B-Diethylaminoethylamino-2-m-methoxyphenyl-6-methylpyrimidine (IX; R =H, R’ = OMe).—The condensation 
of 4-chloro-2-m-methoxyphenyl-6-metkylpyrimidine (5-45 g.) and B-diethylaminoethylamine (3-5 g.) was carried out as 
described above for the corresponding 2-phenyl compound and gave the base as a colourless viscous oil, b. Ps 193— 
198°/0-16 mm. (Found: C, 68-8; H, 8-1; N, 17-5. C,,H,,ON, requires C, 68-8; H, 8-3; N, 17-83%). The ote 
repared in methanol solution, formed clusters of yellow needles from iy a re 7 m. p. 165—167° (Found : 

, 46°7; H, 3-9; N, 18-4. C,gH,.ON,,2C,H,O,N, requires C, 46-6; H, 4-1; N, 18-1%), and the dihydrochloride (2726) 
prepared by dissolving the base in 2n-hydrochloric acid, evaporating the solution to dryness under reduced pressure 
crystallising the residue from alcohol, formed colourless needles, m. p. 234—236° (decomp.) (Found: C, 51-0; H, 7-2; 
Cl, 17-2. CygH,,ON,,2HC1,2H,O requires C, 51-1; H, 7-6; Cl, 16-8%). 

henyl-6-methylpyrimidine.—p-Chlorobenzamidine hydrochloride 1:72 g.) (Ekeley, Tieszen, 
and Ronzio, J. Amer. Chem. Soc., 1935, 57, 381) and ethyl acetoacetate (15-6 g.) were mixed, warmed to 45°, and a solu- 
tion of sodium hydroxide (4-8 g.) in water (50 c.c.) was added. A homogeneous solution was quickly formed which soon 
began to deposit crystals. After heating at 40—45° for 1 hour the mixture was left for 2 days, and the — To- 
duct collected, washed with water, and stirred with dilute sodium hydroxide solution (450 c.c.). After filtering fom 
undissolved material the solution was acidified with acetic acid and the precipitated product filtered off, washed with 
water, and dried. Crystallisation from alcohol gave 4-hydroxy-2- as colourless 
feathery needles, m. p. 233—234° (Found: C, 59-7; H, 4-4; N, 12-7. C,,H,sON,Cl requires é 9-9; H, 4-1; N, 12-7%). 

4-Chloro-2-p-chlorophenyl-6-methylpyrimidine (VIII; R=Cl, R’ = H).—The above hydroxy compound (13 g.) 
was refluxed for 20 minutes with phosphoryl chloride (30 c.c.), and the clear solution cooled, red on to ice and the 
precipitated product extracted with ether. The ether extract was washed with water, dried, and evaporated. The 
residue, crystallised from alcohol, gave 4-chloro-2-p-chlorophenyl-6-methylpyrimidine (11-2 g.), m. p. 108—109° (Found : 
C, 55-2; H, 3-3; N, 11-0. C,,;H,N,Cl, requires C, 55-2; H, 3-3; N, 11-7%). 

4-B-Diethylaminoethylamino-2-p-chlorophenyl-6-methylpyrimidine (IX; R = Cl, R’ = H).—Reaction of 4-chloro- 
2-p-chlorophenyl-6-methylpyrimidine (11-0 g.) and £-diethylaminoethylamine (8-7 i at 120—130° followed by working 
up in the usual manner gave the base, b. p. 186—190°/0-16 mm. (Found : C, 63-8; H, 6-9; N, 17-3. C,,H,3N,Cl requires 
C, 64-0; H, 7-2; N, 17-6%). The dipicrate ised from f-ethoxyethanol-alcohol in yellow laminz, m. p. 197— 
198° (Found: C, 45-1; H, 3-8; N, 17-8. C,,H,3N,Cl,2C,H,O,N, requires C, 44-8; H, 3-7; N, 18-0%), and the dihydro- 
chloride (2724) separated from alcohol in colourless needles, m. p. 235—237° (Found: C, 47-5; H, 6-8; Cl, 25-5. 
C,,H,3N,Cl,2HC1,2H,O requires C, 47-7; H, 6-8; Cl, 24-9%). 

2-p-A nisidino-4-hydroxy-6-methylpyrimidine (XII; R = OMe).—(a) Se aa imidine 
(15-6 g.) (Wheeler and Merriam, Amer. Chem. J., 1903, 29, 478) and p-anisidine (30-75 g.) were heated at 125—130° 
for 24 hours. The mixture, which soon became completely molten and homogeneous, gradually solidified as the evolution 
of methylthiol slackened. After cooling it was ground, boiled with alcohol (100 c.c.), cooled, and the uct filtered 
(yield, 89%). Crystallisation from f-ethoxyethanol gave 2-p-anisidino-4-hydroxy-6-methylpyrimidine (2598) as colourless 
needles, m. p. 213—-214° (Found: C, 62-0; H, 6-1; N, 17-9. C,,H,,0,N; requires C, 62-3; H, 5-6; N, 18-2%). 

(b) Sodium (1-15 g.) was dissolved in methyl alcohol (65 c.c.), and p-anisylguanidine sulphate (10-7 £) ot pore by 
method privately communicated by Sir Robert Robinson) and ethyl acetoacetate (16-25 g.) were added. e mixture 
was refluxed for 48 hours, then allowed to cool and the product filtered off, washed well with water to remove inorganic 
salts, and dried. It was 2-p-anisidino-4-hydro Rye oS emg m. p. 212—214° undepressed in admixture with 
material made by method (a) (yield, 93-56%). No other substance could be isolated. - 

4-Chloro-2-p-anisidino-6-methylpyrimidine (XIII; R = OMe).—The above hydroxy compound (15 g.) and phos- 
phoryl chloride (40 c.c.)‘were refluxed for 2 hours. Unchanged phosphoryl chloride was then removed under reduced 
pressure and the residue treated with ice. After making alkaline with ammonia the product was filtered off, washed 
with watér, and crystallised from alcohol giving 4-chloro-2-p-anisidino-6-methylpyrimidine (9-05 g.) as colourless blunt- 
ended needles, m. p. 108—105° (Found: N, 16-5; Cl, 14:3. C,,H,,ON,Cl requires N, 16-8; Cl, iO 

2-p-A nisidi -B-diethylaminoethylamino-6-methylpyrimidine (XIV; R = OMe, R’ = CH,-CH,'N. t,).—4-Chloro- 
2-p-anisidino-6-methylpyrimidine (12 g.) and ee (7 g.) were heated at 120—130° for 6 hours. 
The resulting clear melt was dissolved in warm dilute hydrochloric acid, and the solution filtered and made alkaline with 
sodium hydroxide. The precipitated oil was taken up in ether and extracted several times with 5% acetic acid. The 
combined acetic acid extracts were rendered alkaline with sodium hydroxide and extracted with ether. The ether 
extract was shaken twice with 2n-hydrochloric acid, and the acid extracts evaporated to dryness under reduced pressure 
at 60—65°. After ing, the residue was crystallised from alcohol. 2-p-Anisidino-4-B-diethylaminoethylamino-6- 
methylpyrimidine dihydrochloride (2665) (10-25 g.) was thus obtained as colourless thick prisms, m. p. 244° (Found: C, 
52-6; H, 7-3; Cl, 17-5. Cj ,,H,,ON;,2HC1,2H,O requires C, 52-6; H, 7-3; Cl, 17-3%). e dipicrate prepared from the 
base with picric acid in methyl alcohol solution formed yellow prisms from f-ethoxyethanol-alcohol, m. p. 184—185° 
(Found: C, 45-9; H, 4-5; N, 19-2. C,sH,,ON,,2C,H,O,N, requires C, 45-7; H, 4-1; N, 19-6%). 

2-p-Chloroanilino-4-h droxy-6-methylpyrimidine (XII; R = Cl).—4-Hydroxy-2-methylthio-6-methylpyrimidine (23-4 
g.) and p-chloroaniline (47-9 g.) were ground together and the mixture heated at 130—135° in an oil-bath for 24 hours. 
After cooling, the solid melt was ground and then refluxed with alcohol (240 c.c.), and the insoluble product filtered off 
and dried (yield, 30-9 g.). 2-p-Chloroanilino-4-hydroxy-6-methylpyrimidine (2792) was very sparingly soluble in the usual 
organic solvents, but could be recrystallised in small quantities from a large volume of f-ethoxyethanol from which it 
separated in clumps of — needles, m. p. 294° (Found: C, 55-6; H, 4-2; N, 17-4. C,,H,,ON,CI requires C, 
56-05; H, 4-2; N, 17-8%). 

2-0-Chloroanilino-4-hydroxy-6-methylpyrimidine (XVI; R=Cl, R’ = OH), ared in the same way using 
o-chloroaniline in place of p-chloroaniline, crystallised from p-ethoxyethanol as colourless elongated prisms, m. p. 244— 
246° (Found: N, 17-7. C,,H,,ON,Cl requires N, 17-8%). 

(KV; R= OH), prepared using m-chloroaniline, crys 
from f-ethoxyethanol as colourless needles, m. p. 227—-229° (Found : N, 17-5. C,,H,,ON,Cl requires N, 17-8%). 

4-Chloro-2-p-chloroanilino-6-methylpyrimidine (XIII; R = Cl).—2-p-Chloroanilino-4-hydroxy-6-methylpyrimidine 
(25 g.) was refluxed with phosphoryl chloride (62-5 c.c.) for 3 hours. After removing the excess hosph 
chloride under reduced pressure at 50—60° the residue was treated with ice and water and rendered alkaline with ammo 
The resulting solid was filtered off, washed with water, and purified by crystallisation from alcohol giving 4-chloro-2- 
chloroanilino-6-methylpyrimidine (18-75 g.) as colourless pyramids, m. p. 127—129° (Found: C, 52:2; H, 3-7; &, 
28-2. C,,H,N,Cl, requires C, 52-0; H, 3-5; Cl, 28-0%). 

(XVI; R=R’ =Ch), ared from 

ound : 


6-methylpyrimidine and phosphoryl chloride, formed colourless needles or tables from alcohol, m. p. 99—100° 
N. 16-5; a, 28-7. C,,H,N,Cl, requires N, 16-5; Cl, 7 

4-Chloro-2-m-chloroanilino-6-methylpyrimidine (XV; =Cl), p from 2-m-chloroanilino-4-hydroxy-6- 
methylpyrimidine, crystallised from alcohol as colourless thick prisms, m. p. 116—118° (Found: N, 16-5; Cl, 28-3. 
C,.HLN,Cl, requires N, 16-5; Cl, 28-0%). 


Zz 


id 

th 

°) 

ad 

re 

th 

ed 

yl- 

9° 

ng 

5° 

25 

en 

ed 

1m 

‘1; 

6- 

31° 

8. 

, 

ine 

Lia. 

one 

on, 

red 

yur- 

%)- 

mi- 

30° 

nto 

vice 

ide. 

ted. : 

oil, 

N, 

ms, 

The 

ino- 

258° 

rom 

hyl- 

flat 

4-1; 

244° 

of 

ride. 

uum 

was 

r 10 

C.C.) 

rcoal 

15:3. 

18-65 : 

c. of 

ater, 

ON, 

ound : 

yduct 

strol- 


350 Curd and Rosé: Synthetic Antimalarials... Part I. 


chloroanilino-6-methylpyrimidine (25-4 g.) and B-aminoethyl alcohol (12-2 g) were heated at 120—130° for 10 hours. 
The resulting melt was heated with water and the granular product filtered off, ground, and suspended in water. Addi- 
tion of sodium hydroxide liberated the base which was filtered off, washed with water, and crystallised from methyl 
alcohol (yield, 25-85 g.). formed colourless tables, m. p. 
157—158° (Found: N, 20-4. C,,;H,,ON,Cl requires N, 20-1%). The hydrochloride (3608) separated from a solution 
of the base in hot dilute hydrochloric acid, on addition of more hydrochloric acid, as colourless needles, m. p. 218—219° 
(Found: Cl’, 10-9. C,;H,,ON,C1,HCI requires, Cl’, 11-3%). 

2-p-Chloroanilino-4-B-chloroethylamino-6-methylpyrimidine (XIV; R =Cl, R’ = CH,°CH,Cl).—2-p-Chloroanilino- 
4-8-hydroxyethylamino-6-methylpyrimidine (14 g.) and phosphoryl chloride (42 c.c.) were refluxed for } hour. Excess 
of phosphoryl chloride was then removed under reduced pressure at 55°, and the residue added to ice. The precipitated 
aT was filtered off and purified by dissolving in alcohol, filtering, and adding concentrated hydrochloric acid. 

hydrochloride was thus: obtained as colourless flat needles, 
m. p. 290—291° (Found: N, 16-9; Cl, 33-0. C,,;H,,N,Cl,,HCl requires N, 16-8; Cl, 32-0%). Attempts to isolate the 
base in a pure condition failed. 

2-p-Chloroanilino-4-B-diethylaminoethylamino-6-methylpyrimidine (XIV; R=Cl, R’ = CH,°CH,*NEt,).—(a) 4- 
Chloro-2-p-chloroanilino-6-methylpyrimidine (16-93 g.) and f-diethylaminoethylamine (9-5 g.) were hea: at 120— 
130°, with stirring, for 6 hours. cooling, the viscous melt was dissolved in warm dilute hydrochloric acid, and the 
solution cooled and made alkaline to Clayton yellow by addition of sodium hydroxide. The product was extracted with 
chloroform and the extract shaken thrice with 5% acetic acid. The acid extracts were combined and made alkaline 
with sodium hydroxide, and the liberated base was again extracted with chloroform. After drying over potassium 
carbonate and evaporating the solvent, the residual oil was distilled in a vacuum, b. p. 224—226°/0-03 mm. (yield, 
79-7%). The dipicrate, prepared in alcoholic solution, errs from f-ethoxyethanol as thick yellow prisms, m. p. 
219—220° (Found: C, 43-7; H, 4-1; N, 19-0. C,,H,,N,Cl,2C,H,O,N, requires C, 44-0; H, 3-8; N, 19-45%). The 
dihydrochloride (2666) was prepared by dissolving the base in excess of 2N-hydrochloric acid and evaporating the solution 
to dryness under reduced pressure at 50—60°. e residue was dissolved in alcohol and the solution evaporated to dry- 
ness as before. The process was repeated and the residue purified by crystallisation from alcohol or alcohol-ethyl 
acetate giving colourless needles, readily soluble in water, m. B 266—267° (Found: C, 50-5; H, 6-5; N, 17-1; Cl, 
25-9. C,,H,,N,Cl,2HCl — C, 50-2; H, 6-4; N, 17-2; Cl, 26-2%). 

(b) A mixture of 2- oroanilino-4-8-chloroethylamino-6-methylpyrimidine hydrochloride (11-1 g.) and diethyl- 
amine (30 c.c.) was heated in a sealed tube at 140° for 8 hours. After cooling, the contents of the tube were dissolved 
in dilute hydrochloric acid, and the solution basified and treated asin (a). The resulting oil was distilled in a vacuum 
and the fraction b. p. 225—230°/0-03 mm. collected. This gave 2-p-chloroanilino-4-8-diethylaminoethylamino-6- 
methylpyrimidine dipicrate, m. p. 217—-219° undepressed by admixture with the dipicrate of the base prepared by method 

a 


(XIV; R=Cl, R’ = (CH,],"NEt,), prepared 
from 4-chloro-2-p-chloroanilino-6-methylpyrimidine (16-94 g.) and y-diethylaminopropylamine (10-8 g.) (Whitmore 
et al., J. Amer. Chem. Soc., 1944, 66, 725), formed a clear yellowish viscous oil, b. p. 395° /0-4 mm. The dipicrate, 
recrystallised from f-ethoxyethanol, formed yellow prisms, m. p. 225—226° (Found: N, 19-2; Cl, 4-4. 
C,,H.,.N,Cl,2C,H,O,N, requires N, 19-1; Cl, 4.4%). The dihydrochloride (3299) crystallised from alcohol as colourless 
needles, easily soluble in water, m. p. 252—254° (Found: C, 47-2; H, 7-5; N, 15-3; Cl, 22-7. C,sH,,N,Cl,2HCI1,2H,O 
requires C, 47-3; H, 7-0; N, 15-3; Cl, 233%). 

2-p-Choroanilino-4-y-dimethylaminopropylamino-6-methylpyrimidine (XIV; R = Cl, R’ = [CH,],"NMe,), obtained 
by condensation of 4-chloro-2-p-chloroanilino-6-methylpyrimidine (16-94 g.) and y-dimethylaminopropylamine * 
(8-5 g.), formed a faintly yellow viscous oil, b. p. 216—218°/0-18 mm. The dipicrate crystallised from f-ethoxyethanol- 
alcohol as yellow prisms, m. p. 224—225° (Found: C, 43-3; H, 3-6; N, 19-8. C,,H,,.N,Cl,2C,H,O,N, requires C, 
43-2; H, 3-6; N, 19-8%). The dihydrochloride a crystallised from alcohol—ethyl acetate as colourless elongated 

risms, m. p. wie C, 44-7; H, 6-1; N, 16-4; Cl’, 16-6. C,,H,,N,Cl,2HCI,2H,O requires C, 44-8; H, 
‘1; N, 16-3; Cl’, 16-6%). 

(XIV; R=Cl, R’ = (CH,],*NEt,), prepared 
from 4-chloro-2-p-chloroanilino-6-methylpyrimidine (14-0 g.) and $-diethylaminobutylamine (10 g.) (Utermohlen and 
Hamilton, J. Amer. Chem. Soc., 1941, 68, 156), formed a colourless viscous oil, b. p. 225—230°/0-12 mm. (Found: C, 
62-4; H, 7-2; N, 19-4. C,,H,,N,Cl requires C, 63-1; H, 7-7; N, mp With picric acid in methanol solution it 
formed a dipicrate which crystallised from f-ethoxyethanol-alcohol as ow prisms, m. p. 198—199° (Found: C, 45-4; 
H, 4:0; N, 18-5. Cy gH,,N,Cl,2C,H,O,N, requires C, 45-4; H, 4-1; N, 188%). The dihydrochloride (3338) crystall- 
ised from alcohol as colourless needles, m. p. 245—247° (Found: , 495; H, 7-1; N, 153; Cl’, 16-5. 
C,,H,,.N,Cl,2HC1,1-5H,O requires C, 49-4; H, 7-15; N, 15-2; Cl’, 15-4%). 

2-p-Chloroanilino-4-5-diethylamino-a-methylbutylamino-6-methylpyrimidine (XIV; R = Cl, R’= CHMe-[CH,],"NEt,), 
prepared from 4-chloro-2-p-chloroanilino-6-methylpyrimidine (25-4 and §-diethylamino-a-methylbutylamine 
(19-75 g.), was a very viscous pale yellow oil, b. p. 210°/0-9 mm. The dipicrate, prepared in alcoholic solution, 
crystallised from alcohol—f-ethoxyethanol as yellow needles, m. p. 168—170° (Found: C, 45-7; H, 4-5; N, 17°8. 
CyoH ,N ,Cl,2C,H,O,N, requires C, 46-1; H, 4:3; N, 185%). The dihydrochloride (3300), which was readily soluble 
in water, stallised from alcohol—-ethyl acetate as colourless needles, m. p. 235—237° (Found: C, 49-2, 49-0; 
H, 8-1, 7°9; N, 14-4; Cl, 21-5. Cy 9H; .N,Cl,2HC1,2H,O requires C, 49-55; H, 7-4; N, 14-55; Cl, 22-0%). 

(XVI; R=Cl, R’ = NH-[CH,],°NEt,), pre- 
pared from and B-diethylaminoethylamine, gave a (3381) 
which separated from alcohol as colourless needles, m. p. 251—253° (Found: C, 49-5; H, 6-3; N, 16-9; Cl, 26-3. 
C,,H,,N,Cl,2HCI requires C, 50-2; H, 6-4; N, 17-2; Cl, 26-2%). 

lamino-6-methylpyrimidine (XVI; R=Cl, R’ = NH-[CH,],*NEt,), ob- 
tained in a similar manner using y-diethylaminopropylamine, formed a dihydrochloride (3466) which crystallised from 
alcohol as colourless needles, m. p. 238—239° (Found: C, 46-9; H, 6-9; N, 15-8; Cl, 23-1. C,,H,.N,Cl,2HC1,2H,O 
requires C, 47-3; H, 7-0; N, 15-3; Cl, 23-3%). 

(XV; R= NH-(CH,],"NEt,).—The dihydro- 
chloride (3554), prepared from 4-chloro-2-m-chloroanilino-6-methylpyrimidine and y-diethylaminopropylamine, was 
obtained by crystallisation from alcohol as colourless needles, m. p. 215—217° (Found: C, 51-1; H, 6-7; N, 16-5; Cl’, 
17-1, 16-9. C,,H,,N,Cl,2HCI requires C, 51-4; H, 6-7; N, 16-5; Cl’, 16-9%). 

2-0-A nisidino-4-hydroxy-6-methylpyrimidine (KVI; R = OMe, R’ = OH), prepared by heating 4-hydroxy-2-methyl- 


* The new aminoalkylamines used in this and subsequent papers of this series will be described in a separate 
communication. 


| 
[19 
colou 
4- 
hydr 
chlor 
from 
2. 
chlor 
dihya 
9. 
a8 cooli 
ES p-eth 
(Fou 
4 
chlor 
Mm. p. 
2 
6-me 
usual! 
4 264° 
IM 
was 
(I; 
gave 
furt 
of a 
obv. 
12, 
wit! 
pos 
fact 
leac 
sim 


[1946] Curd, Davis» and Rose: Synthetic Antimalarials. Part II. 351 


thio-6-methylp idine with o-anisidine as described above for the p-compound, oe from f-ethoxyethanol as 
colourless needles, m. p. 245—246° (Found: C, 62-2; H, 5-3. C,,H,,0,N, requires C, 62-3; H, 5-6%). 
4-Chloro-2-0-anisidino-6-methylpyrimidine (XVI; R = OMe, R’ = ¢1); was obtained by refluxing 2-0-anisidino-4- 
hydroxy-6-methylpyrimidine (30-8 g.) with phosphoryl chloride (93-5 c.c.) and, after removing the excess of phosphoryl 
chloride under reduced pressure, pouring the reaction mixture on ice and making alkaline with ammonia. It crystallised 
from alcohol as colourless rods, m. p. 104—105° (Found : N, 16-6; Cl, 14-55. C,,H,,ON,Cl requires N, 16-8; Cl, 14-55%). 

2-0-A nisidino-4-B-diethylaminoethylamino-6-methylpyrimidine (XVI; R = OMe, R’ = NH-(CH,],*NEt,).—The above 
chloro compound (16-6 g.) and £-diethylaminoethylamine (9-5 g.) condensed together and worked up as before gave the 
dihydrochloride (3382) as colourless needles from alcohol, m. p. 272—273° (Found: C, 53-5; H, 7-1; N, 17-4; Cl, 17-3. 
C,sH,,ON,,2HCI requires C, 53-7; H, 7-2; N, 17-4; Cl, 17-7%). 

2-Anilino-4-hydroxy-6-methylpyrimidine (XII; R = H).—4-Hydroxy-2-methylthio-6-methylpyrimidine (31-2 g.), 
aniline (41 g.), and B-ethoxyethanol (100 c.c.) were refluxed in an oil-bath for 30 hours. Methylthiol was evolved. After 
cooling, the product which had separated was filtered off, washed with alcohol, and dried. Crystallisation from 
p-ethoxyethanol gave 2-anilino-4-hydroxy-6-methylpyrimidine (20-5 if’ as colourless thick prisms, m. p. 244—246° 
(Found: C, 65-6; H, 5-5; N, 21-0. C,,H,,ON, requires C, 65-7; H, 5-5; N, 20-9%). 

4-Chloro-2-anilino-6-methylpyrimidine (XIII; R =H), prepared from the above hydroxy compound and phosphoryl 
chloride in the manner described errs’ or similar chloro compounds, crystallised from alcohol as colourless needles, 
m. p. 92—93° (Found: C, 59-5; H, 4-6; N, 18-6. C,,H,)N,Cl requires C, 60-1; H, 4-6; N, 19-1%). 

2-A nilino-4-B-diethylaminoethylamino-6-methylpyrimidine (XIV; R = H, R’ = CH,°CH,*NEt,).—4-Chloro-2-anilino- 
6-methylpyrimidine (16-5 g.) and £-diethylaminoethylamine (9-6 g.) were condensed together and worked up by the 
usual procedure to give the dihydrochloride (18-1 g.) (2725) which stallised from alcohol as colourless needles, m. p 
264° (decomp.) (Found: C, 52-7; H, 7-6; Cl, 18-7. C,,H,,N,,2HCI,H,O requires C, 52-3; H, 7-4; Cl, 182%). 
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69. Synthetic Antimalarials. Part II. 2-Substituted-anilino-4-amino- 
alkylamino-6-methylpyrimidines. 
By F. H. S. Curp, (Miss) M. I. Davis, and F. L. Rose. 


The series of 2-anilino-4-dialkylaminoalkylamino-6-methylpyrimidines carrying substituents in the 
2-anilino group, described in Part I (preceding paper), has been extended in a number of directions which 
have included variation of the dialkylaminoalkylamino group and replacement of the original chlorine and 
methoxyl substituents in the anilino residue by other groupings. 

The importance of substitution in the 4-position of the anilino group is discussed in relation to the hypo- 
thesis (Curd, Davey, and Rose, Ann. Trop. Med. Parasit., in the press) that such compounds, like mepacrine, 
may owe their activity to an interference with a riboflavin-containing enzyme system essential to the malaria 
parasite. This hypothetical view of the mode of action of this new type of antimalarial is taken as the basis 
of further variations in the substitution of the anilino residue which are described. 


In Part I (preceding paper) the preparation of a number of chlorine and methoxyl substituted anilino-4- 
dialkylaminoalkylamino-6-methylpyrimidines exhibiting antimalarial activity was described. Highest activity 
was shown by those compounds in which the substituent occupied the para-position of the anilino residue 
(I; R = Cl or OMe, R’ = dialkylaminoalkyl) : transference of the substituent to the meta- or ortho-positions 
gave compounds which showed no more than a trace of activity. 

Many variations in structure are possible in this type of compound, and this communication deals with 
further modifications of the substituted anilino and dialkylaminoalkyl residues which were made in the course 
of a search for compounds of even higher activity. Variations of the substituent in the anilino residue were 
obviously called for, at least as far as the introduction of those substituents which lead to activity in other 
antimalarial 

The patent literature (E.PP. 363,392, 437,953, 441,007) indicated that in compounds of the mepacrine 
type the important substituents for antimalarial activity were halogen, alkyl, alkoxyl, and alkylthio, and the 
work of Magidson and Grigorowsky (Ber., 1936, 69, 396), Magidson et al. (J. Microbiol. and Immunobiol., 1934, 
12, 1), and Magidson and Trawin (Ber., 1936, 69, 537) added nitro and cyano groups. All the above sub- 
stituents have been included in our investigations, and the number has been extended by the addition of 
phenyl, dimethylamino, and carbomethoxy groups. . 

It is now generally accepted that the mode of action of drugs of the sulphonamide type is a competition 
with p-aminobenzoic acid which is an essential metabolite of many micro-organisms. It therefore seemed 
possible that antimalarial drugs might act in a similar way by interference with the utilisation of some growth 
factor or metabolite essential to the parasites of malaria either by preventing some coenzyme synthesis or by 
leading to the production of an artefact with consequent disruption of coenzyme function. 

We have pointed out elsewhere (Curd, Davey, and Rose, Amn. Trop. Med. Parasit., in the press) the formal 
similarity with riboflavin (II) exhibited, not only by mepacrine (III), but also by compounds of type (I). 
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This suggested that the activity of (I) and (III) might be due to an interference with one or more riboflavin- 
containing enzyme systems in the malaria parasite. Support has since been lent to this hypothesis by the 
demonstration (Madinaveitia, Biochem. J., in the press) that the growth-inhibitory action of mepacrine and 
(I; R=Cl, R’ = [CH,],‘NEt,) for Lacto- 
bacillus casei is antagonised by riboflavin. 

The apparent necessity for substitution in the para-position of the anilino residue indicated by our previous 
work was difficult to understand on the basis of such a riboflavin antagonism since it might have been 
anticipated that substitution in the meta-position would lead to a similar result and that, in the case of mepa- 
crine, the antagonism might be connected with the correspondence in position either of the chlorine with the 
6-methyl group, or of the methoxyl group with the 7-methyl group, of riboflavin, or partly with both, leading 
to a potentiation of the antagonistic effect. There was, however, the observation of Karrer et al. (Helv. Chim. 
Acta, 1935, 18, 908) that 7-methyl-9-(d-1'-ribityl)isoalloxazine exhibited vitamin B, activity, indicating the 
importance of the 7-position and therefore probably of the para-position in the anilino group of (I) for ribo- 
flavin antagonism. It also seemed possible that the antimalarial activity of the 3 : 7-disubstituted acridines 
carrying an aminoalkylamino group in the 5-position (E.P. 411,132) and of the compounds corresponding to 
mepacrine but without the 8-substituent (E.P. 441,007) might be connected with this importance of the 
7-methyl group in riboflavin. We therefore examined this problem more fully, and, in addition to 2-p-toluidino- 
4-8-diethylaminoethylamino-6-methylpyrimidine (I; R = Me, R’ = [CH,],"NEt,), we prepared the corresponding 
m-toluidino (IV; R =H, R’ = Me, R” = [CH,],"NEt,) and o-toluiggno (V; R= Me, R’ = [CH,],-NEt,) 


HR’ 
Wve 
H 
(IV.) (V.) (VI.) 


derivatives as showing a closer resemblance to riboflavin. The biological examination of these compounds 
confirmed, however, that substitution in the para-position leads to higher activity than ortho- or meta- 
substitution. 

At the time this work was carried out the papers of Kuhn, Weygand, and Méller (Ber., 1943, 76, 1044) 
on the antiriboflavin activity of 6 : 7-dichloro-9-(d-1'-ribityl)isoalloxazine and of Emerson and Tishler (Proc. 
Soc. Exp. Biol. Med., 1944, 55, 184) on the similar antagonistic effect of isoriboflavin [5 : 6-dimethyl-9-(d-1’- 
ribityl)isoalloxazine] had not appeared, so there was no guide from work on riboflavin itself to indicate what 
variations in the substituents of compounds of type (I) might lead to an enhancement of riboflavin antagonism 
and thus possibly to an increase in antimalarial activity. It did appear, however, that disubstituted com- 
pounds of type (IV) which more closely simulate riboflavin might be more effective antimalarial agents, and 
the following compounds were therefore prepared: 2-(3’: are pe (IV; R=R’=Cl, R” = 
[CH,],"NEt,), 2-(3’-chloro-4'-methylanilino)- (IV; R= Me, = Cl, R” = [CH,],‘NEt,), and 2-(3': 4’- 
dimethylaniling)-4-y-diathylaminopropylamino--mathylpyrimidine (IV; R = R’ = Me, R” = [CH,],‘NEt,). 

Further, it was considered that a combination of ortho- and para-substitution in the anilino residue (type 
VI) would also be of interest as providing a type more nearly resembling the closed ring structure of ribo- 
flavin. The series of disubstituted anilino-4~y-diethylaminopropylamino-6-methylpyrimidines was accord- 
ingly extended to include 2-(2’ : 4’-dichloroanilino)- (VI; R = R’ = Cl, R” = [CH,],"NEt,) and 2-(4’-chloro- 
2'-methylanilino)-4~y-diethylaminopropylamino- -6-methylpyrimidine (VI; R = Cl, R’ = Me, R” = [CH,],"NEt,). 
One compound representative of ortho- and meta-substitution, 2-(2’: 5'-dichloroanilino)-4~y-diethylamino- 
propylamino-6-methylpyrimidine (VII; R = [CH,],"NEt,), was also made. 


R’ 


(VII.) (VIII.) 


The method of preparation of all the compounds mentioned above was that originally used in Part I (loc. 
cit.). 4-Hydroxy-2-methylthio-6-methylpyrimidine was condensed with the appropriate substituted aniline 
to give a 2-substituted anilino-4-hydroxy-6-methylpyrimidine (the compounds prepared are listed in Table II), 
which was then converted into the corresponding 4-chloropyrimidine (see Table ITI) and this condensed with 
either -diethylaminoethylamine (see Table IV) or y-diethylaminopropylamine (see Table V). These two 
dialkylaminoalkylamines were selected because they appeared to lead to higher activity in (I; R = Cl) than 

The other aspect of the work now described was concerned with the further variation of the side chain 
(NHR’) in (I; R=Cl). In other antimalarial types Schulemann (Proc. Roy. Soc. Med., 1931—1932, 25, 
Part I, 897) has indicated that the permissible variation is fairly wide, and many of the side-chain types 
mentioned by Schulemann and in the patent literature have now been introduced into the new pyrimidine 
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type of antimalarial with the object of defining the limits within which modification can be effected without 
destroying antimalarial activity. The side-chain residue can be represented by the general formula (VIII), 
and the variations have included the use of primary (R = R’ = H) and secondary (R = H, R’ = alkyl) 
terminal amino groups instead of the more conventional tertiary amino group in which various alkyl groups 
have been tried (R = R’ = Me, Et, Bu*; R = Me, R’ = Pr®) The group NRR’ has also been made a hetero- 
cyclic residue such as piperidino and pyrrolidino. The usual alkylene chain R” has likewise been modified 
by substitution with alkyl or dialkylaminoalkyl groups, interruption by oxygen (R” = [CH,],°O-[CH,],) or 
nitrogen (R’” = [CH,],*NMe-(CH,],), and replacement of all (R’” = C,H,) or part of it (R” = p-C,H,O-[CH,],) 
by a carbocyclic residue. The usual imino linkage (NR’”’; R’’’ = H) connecting the side chain to the hetero- 
cyclic nucleus has, in addition, been replaced by alkylimino (R’”’ = Me) or dialkylaminoalkylimino (R’”’ = 
[(CH,],"NEt,). The various compounds are listed in Table VI. 

Antimalarial activity was estimated by testing against P. gallinaceum in chicks as described by Curd, Davey, 
and Rose (Aun. Trop. Med. Parasit., in the press), and the method of expressing antimalarial activity is the 
same asin Part I. The results are given in Table I. Detailed biological results will be published elsewhere. 


Taste I. 
Antimalarial Activities. 
Ref. No, Nature of R. Dose, mg./kg. Activity. 
(a) dihydrochlorides. 
N Me 
General formula : RC 
NH-[CH,],"NEt,,2HCl 
3383 ’-Phenetidino- 200 
3527 ’-Methylthioanilino- 80 + to ++ 
60 + to ++ 
3464 4’-Toluidino- 100 ++ 
80 ++ 
3375 3’-Toluidino- 160 _ 
3528 2’-Toluidino- 120 + 
80 + 
(b) 2-Arylamino-4-y-diethylaminopropylamino-6-methylpyrimidine dihydrochlorides. 
N. Me 
General formula : RC > 
‘N: 
NH-(CH,],"NEt,,2HCl 
3748 ’-Butylanilino- 80 + 
3463 ’-Bromoanilino- 100 +4 
80 ++ 
40 + 
3830 ’-Nitroanilino- 
3905 4’-Cyanoanilino- = 
3507 ’-Phenetidino- = + 
3693 4’-Dimethylaminoanilino- * 80 + 
3782 4’-Carbomethoxyanilino- = + hg + 
3840 ’-Phenylanilino- 200 + 
3564 3’ : 4’-Dichloroanilino- 200 + to ++ 
150 + to ++ 
120 + to ++ 
80 + 
3668 3’-Chloro-4’-methylanilino- 200 
120 + 
80 + 
3694 3’ : 4’-Dimethylanilino- 120 + 
3621 2’ : 4’-Dichloroanilino- 120 + to ++ 
80 + to ++ 
40 + 
3598 4’-Chloro-2’-methylanilino- 80 +? 
40 + to ++ 
3685 2’ : 5’-Dichloroanilino- 
3620 4’-Chloro-2’-methylanilino- * 200 ++ 
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1 Trihydrobromide. 


were heated (oil-ba 
off, washed with alcohol, and dried. 
Most of the products obtained by either of the above processes were already virtually pure as judged by m. p. For 
analysis, the compounds were normally crystallised from f-ethoxyethanol, but alcohol was used for the most soluble 
compounds (from p-phenetidine and m-toluidine), and dimethylformamide or nitrobenzene for the least soluble (from 
4-aminodiphenyl, methyl 4-aminobenzoate, p-cyanoaniline, and -nitroaniline). 
The compounds prepared are listed in Table II. 
4-Chloro-2-substituted-anilino-6-methylpyrimidines.—The general preparative procedure was as follows: The 2-sub- 
stituted-anilino-4-hydroxy-6-methylpyrimidine (0-1 g.-mol.) and a, chloride (0-4 g.-mol.) were refluxed together 
for 3 hours. After cooling to 50—60° the excess of phosphory 
temperature until the mixture was still just fluid enough to pour. It was then transferred to a mixture of ice and water 
and left for one hour with occasional stirring. ’ 
alkaline to Brilliant yellow. After stirring for several hours, more ammonia being added if necessary to maintain 
alkalinity, the mixture was left in the refrigerator overnight. Next da 
water, dried in a vacuum, and purified 
of the compou 
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Part II. 


(c) 2-p-Chloroanilino-4-alkylamino-6-methylpyrimidine dihydrochlorides. 


4440 
4414 


4499 
4498 


4667 


3542 
3654 


4874 


nds prep 


2 y-Dibutylaminopropylamino-derivative. 


General formula : ag > 
N 


, 2HCl 


NH-[CH,],"NMe, 
NH-{CH,],"N <[CH,],>CH, 


NH-[CH,],"N <[CH,],>CH, 


NH-[CH,];"N <[CH,],>CH, 
NH-CHMe:CH,:N <[CH,],>CH, 
NH-[CH,],"NBu’, 


NH-[CH,],;NHBu* 
NMe-[CH,],‘NEt, 


‘ 


NH-[CH,],"NMePré 


p-NH-C,H,O-[CH,],"NEt, 
p-NH:C eH," NMe, 


NH-[CH,],"NH, 


EXPERIMENTAL. 
2-Substituted-anilino-4-hydroxy-6-methylpyrimidines—Two methods have been employed for the preparation of 
these compounds which are based on the work described in Part I (loc. cit.). a 
4-Hydroxy-2-methylthio-6-methylpyrimidine (0-2 g.-mol.) and the appropriate substituted aniline 

(0-5 g. mol.) were mixed and heated together at 125—135° for 48 hours under an air condenser with stirring. Methyl- 
thiol was evolved. In some cases the mixture set solid dwring the course of the reaction but in others remained molten 
throughout, solidifying on cooling. When cold the reaction mixture was ground, refluxed with alcohol (300 c.c.), cooled, 


Method B. (0-2 g.-mol.) and the substituted aniline (0-25—0-4 g.-mol.) 


) together in boiling £-ethoxyethanol (200 c.c.) for 48 hours. After cooling, the product was filtered 


Ammonia was then carefull 


by crystallisation, using the sole 


out the extraction p 
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3 Trihydrochloride. 
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chloride was removed under reduced pressure at this 
y added, keeping the mixture cool, until 


the solid product was collected, washed with 
ent indicated in Table III which gives details 


d-anilino-4-aminoalkylamino-6-methylpyrimidines.—The following general method of preparation was 
employed : The chloropyrimidine (0-05 g.-mol.) and the aminoalkylamine (0-05 x 1-25 g.-mol.) were heated together at 
120—130° (oil-bath) for 6 hours with stirring. After cooling, the viscous melt was dissolved in warm dilute hydro- 
chloric acid and the solution made strongly alkaline with sodium hydroxide. 
in ether or chloroform. Usually, this extract was shaken several times 
found advisable to evaporate the solvent and to 


with 2-p-chloroanilino-4-y-dibutylaminopropylamino-6-methylpyrimidine, the acetate of which is not appreciably 


The liberated product was taken u 
f acetic acid, but occasionally it wa 
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extracted from chloroform solution by water). The acetic acid extracts were combined and made alkaline with sodium 
hydroxide, and the liberated base again extracted with ether or chloroform. Evaporation of the dried solution gave 
the base as a viscous oil which usually crystallised only slowly. Many of the bases were characterised by conversion 
into their picrates in methanol solution (see Table VII). For biological testing they were converted into their hydro- 
halic acid salts (usually hydrochlorides) by the following process : 

The base was dissolved in excess of 2N-acid, and the solution evaporated to dryness under reduced pressure at 50— 
60°. The residue was freed from water and excess of acid by repeated evaporation to dryness under reduced pressure 


with alcohol or alcohol—benzene; it was then crystallised from alcohol or alcohol-ethyl acetate. Tables IV, V, and VI 
give details of the compounds prepared. 


TaBLeE II. 
2-Substituted-anilino-4-hydroxy-6-methylpyrimidines. 
Me 


General formula : RC 


H 


Method 
of pre- ‘ 
Nature of R. paration. M. p. Formula. Found, %. 
4’-Phenetidino- A 187—189° C,,;H,,0,N 
’-Bromoanilino- ............. B C,,H,,ON,Br 
’-Methylthioanilino- C, 1 39 
8’-Toluidino- 
4’-Butylanilino- 
4’-Phenylanilino- ............ 
4’-Dimethylaminoanilin 
4’-Carbomethoxyanilino- 
4’-Nitroanilino-............ 
‘-Cyanoanilino- ............ 
3’: 4’-Dichloroanilino-... 
’-Chloro-4’-methylanilino- 
3’: 4’-Dimethylanilino- ... 
2’: 4’-Dichloroanilino-... 
4’-Chloro-2’-methylanilino- 
2’: 5’-Dichloroanilino-... 


a 
~1 


Br, 30-3 
‘6; H, 5-4; N,17-0 C, 58-3; H, 5-25; N, 17-0 
5 


H,,ON 


3 
C,,H,,ON; 
C,,H,ON,Cl, 


w 


Cl, 13-7 
; H, 3-3; N, 15-1 


Z 


8-9; H, 3:3; N, 15°5 


Taste III. 
4-Chlovo-2-anilino-6-methylpyrimidines. 


Analysis. 


Nature of R. .p. Found, %. Required, %. 
’-Phenetidino- ............... Colourless tables C,3H,,ON,Cl N, 15-9; Cl, 14-3 15-9; Cl, 13-5 
4’-Bromoanilino ............... needles C,,H,N,CiBr N, 13-9 N, 14-1 
4’-Methylthioanilino- ” Cc 12N3SCl — 
tables or N, 17-3; Cl, 15-9 N, 18-0; Cl, 15-2 
n es 
3’-Toluidino- tables  101—102 C,,H,,N,Cl 17:3; Cl, 15-8 18-0; Cl, 15-2 
needles 116—118 C,,H,,N,Cl N, 17-6; Cl, 15-7 18-0; Cl, 15-2 
4’-Butylanilino- plates! 51—53 C,,H,,N;Cl , 152; Cl, 12-9 
4’-Phenylanilino- ” 1240-125 C,,H,,N,Cl “2 
4’-Dimethylaminoanilino- ... tables? 156—158 C,,H,,N,Cl 
4’-Carbomethoxyanilino- eee prisms 223—225 C,3;H,,0,N;Cl 


4’-Cyanoanilino- ................ Colourless plates* 215—216 C,,H,N,Cl 

4’-Chloro-2’-methylanilino- eedles 107—108 C,,H,,N;Cl 
3’ : 4’-Dichloroanilino- 134—136 C,,H,N,Cl, 
2’ : 4’-Dichloroanilino 120—122 
3’ : 4’-Dimethylanilino- ic 128—129 


4-55; Cl, 36-1 
14-55; Cl, 365 
17-0 

115—117  C,,H,,N,Cl, N, 15-6 N, 15:6 


101  C,,H,N,Cl, 143; Cl, 37-2 14-55; Cl, 36-9 


1 From methyl alcohol—water. * From light petroleum (b. p. 100—120°). 3 From f-ethoxyethanol. All 
others from alcohol. 
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TaBLeE IV. 
2-A Dihydrochlorides. 


General formula : RC 


: ‘Found, » Required, %. 

3 Nature of R. M. p. Formula. . aka 

: 4’-Phenetidino- ......... 211—213° C,H,ON,,2HCL0:5H,O 540 75 161 167 5365 75 165 167 

-Methylthioanilino-... 232-234 S2HCL2H,O0 476 72 155 162 476 73 152 156 

‘ ‘-Toluidino- ............ 216—218 536 78 174 174 535 77 173 

"-Toluidino- 272—274 543 75 178 184 547 76 17-7 
’-Toluidino- «........... 237—238 65:5 78 180 183 547 76 17-7 


All these a crystallised in colourless needles. 


TABLE V. 
2-Arylamino-4-y-diethylaminopropylamino-6-methylpyrimidines (Hydrohalic Acid Salts). 
Me 


N 
General formula of bases: RC 


NH(CHJyNEty 


4 


Nature of R. Formula, M. p. "< 


H. N cr é. H. N. cr. 
€’-Butylanilino CysHysN;,2HCLH,O —-188—190° S71 57-485 
4’-Bromoanilino- N 2H,O0 265—257 0 68 (138 142 431 64 140 
4’-Nitroanilino- 226—230 ws 66 181 463 64 180 
4’-Cyanoanilino-  249—251 498 75 184 156 490 «181 158 
4’-Phenetidino- °..... 253—265 $6 156 536 18-6 
’-Dimethylaminoanilino- ......... 956-258 (dec.) 397 59 13:7 888(Br) 389 60 186 $8-9(Br) 
4’-Carbomethoxyanilino- ......... 2HCl 263—265 (dec.) 54-0 71 155 15-8 54-0 7-0 15-75 16-0 
8’ : 4’-Dichloroanilino- ............  237—239 461 61 152 147 45-7 1 148 (15-0 
’-Chloro-4’-methylanilino- ......  230—232 510 71 153 156 504 73 155 15-7 
: #-Dimethylanilino 222224 560 5555 81 162 16-4 
Cle, 2H,O 208—210 434 64 137 145 440 143) 145 
lanilino- ...... 150—152 500 493 69 161 15-7 
2 : 5’-Dichlo Cl 1,,2HCl,2H,0 248—250 441 40 146 
N‘CL3HCI 204—206 558 75 147 14-4 56-3 


from £-ethoxyethanol in yellow tables, m. p. 210—211° (Found: C, 42-6; H, 3:8; 


17-56%, 
derivative. The tase had b. p. 286°/0-06 mm. The dipicrate 
m. p. 16 161—162° 49-3; H, 5-9; N, 17-3. requires C, 48-8; H, 5-3; 16-0% 
All these compounds crys in n , except last, which formed irregular colour 


TasBLe VI. 
2-p-Chloroanilino-4-aminoalkylamino-6-methylpyrimidine Salts. 


General formula of bases: ag > 


%. 

of R. Formula. M. p. ¢. H. N, cr’ Cc H. N. cr 
213—215° 43-8 6-0 16-7 168 43-4 6-3 16-9 17-2 
NH‘{CH,), tH ,Cl,2HCI 280—282 49-7 5-9 17-0 50-4 5-9 17-3 6 
NH‘CH,],"N <[CH 2HCI,H 290—292 495 6B 162 161 5-5 16-0 16-25 
NH*{CH 1a 289—292 48-9 7-0 152 15-4 487 149 16-2 
NH°CHMe-CH, N< 254—256 60-1 6-8 152 162 50-6 6-7 155 16-4 

H,O* 239935 48:8 7-0 16-4 170 49-3 6-8 16-2 
Cl, 192—193 49-6 6-9 148 153 49-7 705 145 147 
3HCI,2H,O  234—236 (dec.) 453 67 15-8 20-4 45:8 78 15-3 

CisHyN,Cl,2HCI 257—258 (dec.) 50:7 65 16-0 51-4 6-7 16-7 169 
H,»N,Cl,3HI,H,O 241—243 dee. 33-4 5-0 103 46-1(I’) 33-1 5-0 10-1 46-0 
3HI,H,O 240—241 (dec.) 31-7 5-4 10-2 46-9(I) 32-2 48 102 47-0 

 251—252 47-5 6-4 15-35 157 473 7-0 1535 1 


1 Colourless rods. * Colourless prisms. All others, colourless needles. 
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‘TaBLe VII. 
Picrates of 2-p-Chloroanilino-4-aminoalkylamino-6-methylpyrimidines. 


Me 
N 

General formula of bases: CC >—NH—C > 
N 


Found, %. Required, % 
,C1,2C,H, yellow prisms? 197— 42-7 6 

...... Yellow microcrystals? 189-192 443 36 195 441 36 195 
...... Yellow laminz 230—231 45-3 3-7 18-6 44:8 3-7 19-2 
<(CH,],>CH Yellow needles 215-216 456 42 185 455 39 188 
Yellow plates 229223 458 48939 183 455 39 188 
Yellow lamina 189183 447 40 188 447 40 194 
Yellow prisms * 149-144 
Yellow microcrystals? 206-208 426 38 191 429 385 193 
Yellow prisms 204206 4390 
Yellow plates 199194 445 44 186 440 41 188 
sN,CL3C,H,O,N, Yellow plates 181183 437 46 182 434 40 190 
Yellow prisms 917-219 448 400 


1 From f-ethoxyethanol-alcohol. All others from f-ethoxyethanol. 


2-p-Chloroanilino-4-p-B-diethylaminoethoxyphenylamino-6-methylpyrimidine (I; R = Cl, R’ = CgH,-O-[CH,],"NEt,).— 
4-Chloro-2-p-chloroanilino-6-methylpyrimidine (8-45 g.) and £-p-aminophenoxyethyldiethylamine (8-75 ) were heated 
together at 125—]35° with stirring for 8 hours. The resulting melt was dissolved in hot dilute hydrochlori 


oric acid and 
the solution rendered alkaline with sodium hydroxide without previous cooling. The product separated as an oil which 
soon solidified. It was collected, dissolved in 5% acetic acid, and the solution filtered from a little insoluble matter and 
made alkaline with sodium hydroxide. The liberated base was extracted with chloroform, and the extract dried over 
potassium carbonate and evaporated. Crystallisation of the residue from alcohol gave 
gy ke meee, eg ae as colourless thick prisms, m. p. 150—152° (Found: C, 65-4; H, 6-7; 
N, 16-0. Cy3H,,ON,Cl requires C, 64-9; H, 6-6; N, — : 
2-p-Chloroanilino-4-p-dimethylaminophenylamino-6-methylpyrimidine (I; R = Cl, R’ = C,H,*NMe,).—A mixture of 
4-chloro-2-p-chloroanilino-6-methylpyrimidine (12-7 8) and p-aminodimethylaniline (8-5 g.) was heated at 120—130° 
for 6 hours. The cooled melt was ground and dissolved in dilute hydrochloric acid, and the solution made alkaline 
with sodium hydroxide. The precipitated product was filtered off, washed with water, and crystallised from alcohol 
=— — flat needles, m. p. 171° (Found: C, 65-1; H, 5-9; N, 19-8. CysH, 9N,Cl requires C, 64-5; H, 5-7; 

(I; R=Cl, R’ = 
anilino-6-methylpyrimidine (12-7 g.) and ethylenediamine (28 g. of 67%) were heated together on the steam-bath for 
3 hours. Dilute hydrochloric acid was then added and the heating continued until no oil remained. Addition of 
sodium hydroxide to the resulting suspension precipitated the base as an oil which rapidly ised. It was filtered 
off, dried, and a from ethyl acetate to yield colourless needles, m. p. 134—135° (Found: C, 56-0; H, 5-8; 
Cl, 12-5. C,,H,,N,Cl requires C, 56-2; H, 5-8; Ci, 12-8%). 
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70. Synthetic Antimalarials. Part III. Some Derivatives of Mono- and 
Di-alkylpyrimidines. 
By R. Hutt, (Miss) B. J. Lovett, H. T. OpeNsHaw, L. C. Payman, and A. R. Topp. 


A series of mee pyrimidine derivatives bearing a variety of basic side chains has been prepared. A number 
of these show marked antiplasmodial action when tested against P. gallinaceum in chicks. The relation between 
chemical constitution and activity in these compounds is discussed and a hypothetical view of their mode of 
action advanced as a basis for further investigations. 


IN previous papers of this series (Curd and Rose, this vol., p. 343; Curd, Davis, and Rose, ibid. p. 361) an account 
has been given of some of the initial work on pyrimidines forming part of a general scheme directed to the syn- 
thesis of new chemotherapeutic agents for the treatment of malaria commenced in 1942 in the Research Depart- 
ment of Imperial Chemical Industries, Limited (Dyestuffs Division). Parallel with this work a cognate series 
of researches on pyrimidine derivatives was commenced in our laboratories as part of the same general scheme. 
It is a pleasure to record here our appreciation of a happy and fruitful collaboration, and it has seemed best to 
publish the results from both laboratories in the form of a single series of memoirs since the investigations are 
very closely related and impinge on each other at many points. All the biological tests here recorded were 
carried out in the Biological Department of Imperial Chemical Industries, Limited (Dyestuffs Division) by 
methods to be described in detail elsewhere. 

The general considerations forming the basis of the chosen approach to the development of new antimalarial 
drugs have been described in Part I (Curd and Rose, loc. cit.). In our investigations we elected to study in the 
first instance pyrimidine derivatives bearing no aryl or arylamino substituents. Hitherto such simple deriv- 
atives had not, to our knowledge, been examined as antimalarials, although their omission in the course of 
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extensive research by many workers in the field seems rather surprising. Pyrimidine derivatives occupy 
positions of very great importance in the composition of living cells; they are, both as such and as the more 
complex purine derivatives, necessary components of the nucleic acids, and are integral parts of the molecules 
of a number of vitamins and biological oxidation—reduction catalysts (e.g., aneurin, riboflavin, riboflavin- 
adenine-dinucleotide, coenzyme I and II) of fundamental importance to vital processes. Bearing in mind the 
view now generally held that certain chemotherapeutic agents (e.g., sulphanilamide) exert their effect by a form 
of competition with some essential metabolic factor or co-enzyme (e.g., p-aminobenzoic acid), it seemed not 
unreasonable to suppose that action of this type might be found among derivatives of pyrimidine. 

A survey of the synthetic antimalarial drugs recorded in the literature (cf., e.g., survey by Curd, Ann. Trop. 
Med. Parasit., 1943, 87, 115; Bishop, Parasitol., 1942, 84, 1) reveals the presence in most of those showing 
marked activity of dialkylaminoalky] side chains attached to nitrogen. Whilst the significance of this grouping 
is not understood, it has been suggested that it may affect absorption and penetration of the drug (Magidson, 


TaBLeE I. 
B. p. at Analysis, %. 
mm. 7 — 

Pyrimidine. (bath temp.). C. Hi. N. 
4-Amino-6-B-diethylaminoethylamino-2-methyl m. p. 109—110° Found 59-9 9-2 31-1 
C,,H,,N; req. 59-2 9-4 31-4 
4-Amino-6-y-diethylaminopropylamino-2-methyl m. p. 91—92-5° 

4-Amino-6-8-diethylamino-a-methylbutylamino-2-methyl 170° Foun 63-3 9-9 25-7 
C,,H,,N; Teq. 63-4 10-2 26-4 
4: 6-Bis-(3-diethylamino-a-methylbutylamino)-2-methyl 210° Found 67-2 10-9 20-9 
req. 68-0 11-5 20-7 
2-A mino-4-B-diethylaminoethylamino-6-methyl 161°/3 mm. Found . 31-2 
(m. p- 70—72°) C,,H,,N,; req. 31:3 
2-A mino-4-8-diethylamino-a-methylbutylamino-6-methyl 170° Found 63-0 10-4 26-6 
C,,H,,N; req. 63-4 10-2 26-4 

req. 68:5 "5 
2 : 4-Bis-(8-diethylamino-a-methylbutylamino)-6-methyl 170° Foun 67-6 10-9 20-1 
req. 68-1 11-3 20-6 


Delektorskaya and Lipowitsch, Arch. Pharm., 1934, 272, 74; Magidson and Grigorowsky, Ber., 1936, 69, 396). 


It therefore seemed that, in our initial studies at any rate, it would be desirable to study pyrimidine derivatives 
bearing side chains of this type. It was also considered desirable to keep the molecule otherwise but lightly 
substituted, since interpretation of results was likely to be adversely affected by undue complication of the 
molecule. This paper records our results on a series of derivatives of mono- and di-alkylpyrimidines, and 
outlines some of the inferences which may be drawn and the directions on which further work (to be described 
later) is being developed. While it might have been considered more logical to commence our studies on 
pyrimidines bearing no alkyl substituents, the fact that they are more readily accessible led us to choose the 
mono- and di-alkylpyrimidines ; moreover, the similar activity shown by sulphamezathine and sulphadiazine 
seemed to give additional justification for omitting the unsubstituted derivatives initially. 


TaBLeE II. 
4-Substituted 2 : 6-Dimethylpyrimidines. 


B. p. at Found, %. i %, 
Substituent. (bath temp.). Formula. C. H. N. Cc. H. N. 
B-Diethylaminoethylamino ............ 110° 64-2 10-1 24-9 64-9 9-9 25-2 
5-Diethylamino-a-methylbutylamino 130° 66-8 10-8 21-2 68-2 10-6 21-2 
PipeTidiNO 110° (a) C,,H,,N, 70-5 9-1 20-9 69-1 8-9 22-0 
a-Pyridylamino 130° 1HyN, 66-5 5-9 27-3 66-0 6-0 28-0 
cycloHexylamino eee 130° (6) 69-3 9-0 19-7 70-3 9-2 20-5 
85° 10H 67-1 9-4 23-7 67-1 9-5 23-4 


(a) 3: 5-Dinitrobenzoate, fluffy needles from alcohol, m. p. 151° (Found: C, 49-2; H, 4:2; N, 16-5. 
C,,H,,N,,2C,H,O,N, requires 48-8; H, 4-1; N, 15-9%). 

(b) Flavianate, yellow leaflets from alcohol, m. p. 190° (decomp.) (Found: C, 50-9; H, 5-0; N, 13-6. 
requires 50-9; H, 4:8; N, 13-5%). 


Our studies commenced with the preparation of a number of derivatives (Table I) of 2- and 6-methyl- 
pyrimidine containing basic groups; none of these showed any activity when tested against P. gallinaceum in 
chicks. Similar lack of antimalarial activity was encountered in the series of derivatives of 2 : 6-dimethyl- 
pyrimidine bearing a basic substituent in position 4 (Table II). Only one derivative of 4 : 6-dimethyl- 
pytimidine, viz., 2-(8-diethylamino-a-methylbutylamino)-4 : 6-dimethylpyrimidine, was examined; it, too, was 
inactive against P. gallinaceum. Antimalarial activity was first encountered when basic side chains were 
introduced at position 4 in 2-amino-5: 6-dimethylpyrimidine. Thus 2-amino-4-(8-diethylamino-a-methyl- 
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butylamino)-5 : 6-dimethylpyrimidine (I; R = CHMe*(CH,],‘NEt,) and 2-amino-4-y-diethylaminopropylamino- 
5': 6-dimethylpyrimidine (I; R = [CH,],"NEt,) were highly active against P. gallinaceum in chicks at a dose of 
4 mg./50 g. although they were rather toxic to the host (e.g., maximum tolerated dose of (I; R = [CH,],*NEt,), 
4 mg./50 g.; MLD (mice) orally, 250—500 mg./kg.). 

Omission of the 2-amino-group giving compounds of Type (II) or its replacement by methyl (Type III) 
reduced the activity very markedly without materially affecting the toxicity of the compounds; replacement 
of the 2-amino-group by a second dialkylaminoalkyl group (Type IV) appeared to destroy the antimalarial 
activity. These findings led naturally to a study of the effect of varying the nature of the basic side chain and 
the alkyl groups at C, and C,. The compounds prepared are listed in Tables III and IV; none showed an 


III. 
4-Substituted 2-Amino-5 : 6-Dimethylpyrimidines. 
An 
B Found, % Required, % aie 
p. at uired, %. 
Substituent. (bath temp.). M. p. Formula. i om H. N. Cc. H. N. mg./kg. Activity. 

NEt 100°/15 mm. 66—68° (a) 61-9 89 287 61-9 93 288 50 - 
NH: CHA NEC, 135° 67—72° 61:3 10:1 292 608 97 295 100 ++ 
180—190° 107—108° (b) 62-0 97 280 621 100 279 80 ++ 
175—180° 58—61° «Cy, HyyN, 63-4 99 224 633 103 26-4 80 ++ 
150—155° (c) CyHyN, 93 335 57-4 92 335 80 + 
155—165° 75—76° Cy,HyN, 58-9 94 318 59-1 95 S14 80 + 
165—170° 91—94° CyHyN, 625 100 276 621 100 279 20 toxic 
190° /0-25 mm. @ CuHeN, 658 107 231 664 108 228 20 toxic 
170° 145-5—146-5° (b) 94 269 638 96 266 80 ++ 
...  220—230° 41—43°(e) CyHasN, 616 101 275 623 10-4 27:3 80 
...... 210—220° CyH,ON, 600 103 245 61-0 99 23-7 80 
170—180° 61-4 98 279 621 100 279 80 ++ 


(a) Recrystallised from it petroleum. b) Recrystallised from benzene. ‘c) Softens at 90°, clears at 123°. 
3: p. 194—195° (Found 50-9; H, 5-9; N, 17-1. C, 50-9; H, 5-6; N, 17:2%). 
e) Recrystallised from light petroleum. Very hygroscopic. 

3 : 5-Dinitrobenzoate, m. p. 210° (decomp.) (Found : 48-7; H, 5-2; N 17-7. CysH»ON,,2C,H,O,N, requires C, 48-4; H, 5-2; N, 175%). 
(g) 3 : 5-Dinitrobenzoate, m. p. 154—156° (Found : C, 47-6; H, 5-4; N, 191. CysHeaNs,2CyH,O,No requires C, 48-0; H, 4-9; N, 187%). 


TaBLe IV. 
Variation of Alkyl Substituents in 2-A mino-4-dialkylaminoalkylamino-5 : 6-dialkylpyrimidines. 
Antimalarial 
activity. 
Substituents, Found, %. Required, %. 
at positions 5 and 6. at position4. . M.p. Formula. H. N. H. N. mg./kg. Activity. 
91—93°  C,Hy,N, 65-0 10-7 23-4 65-0 10-6 23-9 100 +. 
5-Benzyl-6-methy] 123-5—125° 69-0 8-6 22-3 69-0 8-6 22-4 80 - 
126-5° 69-9 8:5 21-1 69-7 8-9 21-4 80 ++ 
«(71-2 8-7 20-2 71-0 9-3 19-7 80 
5: 6-cycloHexeno- NH*[CH,],"NEt, 117—118° CyHyNe 64-0 9-6 26-4 63-9 9-5 26-6 80 ++ 
NH: CH 87—90° 64-9 8 24-9 65-0 9-7 25-3 80 + 
112-5—118° C,,H,,N, 10-2 22-4 66-9 10-2 22-9 80 toxic 
5: 6-cycloPenteno- 83—84° CyHyN, 62:3 9-1 28-7 62-6 9-2 28-1 130 toxic 
NH-[CH,],"NE 84-5—85-5° C,,N, 63-9 9-6 26-2 63-9 9-5 26-6 80 
CH ‘NEt, 118—119° 65-9 99 23-7 660 100 24-0 


appreciably higher antimalarial activity than the two compounds of Type I first prepared, and many showed an 
increased toxicity. 


NH,4N}NHR HR Me(‘\NHR NHR/\NHR 
Me N e /Me e 
e e Me e 


(I.) (II.) (IL) (IV.) 


It was now clear that our original hope that antimalarial activity might be found in comparatively simple 
pyrimidine derivatives had been realised irrespective of the validity of the considerations which had led us to 
embark on their synthesis, but it was necessary to examine,the position more closely in order to establish a 
rationale for further development of our investigations. An obvious step was to consider whether the active 
substances might exert their effects by interference with some known essential enzyme system in the malarial 
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parasite. It has been shown by Madinaveitia (Biochem. J., in press) using Lactobacillus casei as a test 
organism that the growth-inhibitory action of a number of the known antimalarial drugs, e.g., mepacrine, 
quinine, and the 2-arylaminopyrimidine derivatives described by Curd and Rose (Part I, loc. cit.), is antagonised 
by riboflavin. This has led not unnaturally to the view that the action of these drugs may be due to some kind 
of interference with the functioning of riboflavin-containing enzymes in the malaria parasite. It is true that 
little or nothing is known of the nutritional requirements of the malaria parasite, but it is reasonable to assume, 
in view of their universal occurrence, that riboflavin-containing enzymes are concerned in their metabolism. 
Dr. Madinaveitia has examined our active compound (I; R = CHMe-[CH,],-NEt,) in the L. casei test and has 
found that, unlike the other antimalarials mentioned, there is no evidence of antagonism by riboflavin. 
Perhaps the commonest known derivative of riboflavin exerting co-enzyme function is riboflavin-adenine- 
dinucleotide believed to possess structure (V). This compound is associated with specific proteins in a number 
of enzyme systems vital to cell metabolism, and interference with its synthesis or with its combination with the 
appropriate proteins in the parasites might well explain the action of an antimalarial drug. That a riboflavin 
antagonist such as mepacrine might interfere in either or both of these ways is clear, but it is equally clear that 
interference might, in other agents, rest on the adenosine rather than the riboflavin portion of the molecule. 
When one considers interference of the latter type it is evident that the number of possibilities is increased by 
the fact that nucleoside synthesis is a general property of cells; it may indeed be possible to hinder the synthesis 
of riboflavin-adenine-dinucleotide by interfering with the synthesis of adenosine. Such an interference might, 
of course, similarly affect other co-enzymes, ¢.g., the co-dehydrases, adenosine triphosphate, etc. Interference 


’ with nucleoside synthesis does in fact seem to us to be a probable mode of action of the simple pyrimidines we 


are investigating. This view rests on the following, admittedly speculative, reasoning. 


H H N 2 
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H 
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Examination of the structural formule of riboflavin and the purine nucleosides reveals a striking similarity 
in the location of the carbohydrate residue relative to the pyrimidine nucleus. This similarity, already noted 
by others (cf., e.g., Hirst, Ann. Reports, 1936, 38, 254), can hardly be fortuitous and probably indicates a bio- 
genetic relationship. In investigations on purine nucleosides in these laboratories 9-glycosidopurine derivatives 
have been synthesised from 5-amino-4-glycosidaminopyrimidines by thioformylation and subsequent cyclisation 
(cf., e.g., Baddiley, Lythgoe, and Todd, J., 1944, 318). We consider it not impossible that such 5-amino-4- 
glycosidaminopyrimidines are intermediates in the biogenesis both of nucleosides and of riboflavin. Condens- 
ation of (VI; R = d-ribosido), for example, with formic acid might yield guanosine, while a simple conversion 
to the corresponding 4-d-ribitylamino compound—possibly by way of an Amadori rearrangement—followed by 
condensation with 1 : 2-dihydroxy-4 : 5-dimethylbenzene or some suitable derivative followed by deamination 
would yield riboflavin or its dihydro-derivative. There is as yet no laboratory analogy for a riboflavin synthesis 
on these lines, although it bears an obvious analogy to the synthesis of alloxazines from 5: 6-diaminopyrimidine 
and the synthesis of phenazine from catechol and o-phenylenediamine (Merz, Ber., 1886, 19, 725). 

Accepting the feasibility of this scheme of biogenesis it would be expected that pyrimidine derivatives 
substituted in the 4: 5-positions and in particular those bearing a side-chain of moderate size in position 4 
might interfere with nucleoside (and possibly riboflavin) synthesis. It is a fact that of the compounds described 
in this paper only those fulfilling these conditions show antimalarial activity. It may also be significant that 
this action is associated with rather high toxicity; clearly a drug interfering with nucleoside synthesis might 
have a powerful toxic action on host as well as parasite. 

These views may or may not be valid, but they have been accepted by us as a working hypothesis for further 
investigations now in progress. These include the synthesis of a variety of other pyrimidines substituted in 
position 5 which might be expected to block purine synthesis, as well as of purine derivatives which might block 
the subsequent co-enzyme syntheses. These studies will be reported in due course, but it may be mentioned 
here that, whatever the validity of our hypothesis, they havé already led to the discovery of further compounds 
showing marked antimalarial activity. 

The dialkylaminoalkylamino-pyrimidines described in this paper are all new and have been prepared from 
the corresponding chloropyrimidines by reaction with an excess of the appropriate amine. The majority of the 
chloropyrimidines and intermediates used in their preparation have already been described, but several are new 
and others have been prepared by methods differing from those in the literature. 

4-Hydroxy-5 : 6-dimethylpyrimidine was prepared by condensation of formamidine with ethyl «-methyl- 
acetoacetate; this compound has been prepared by Schlenker (Ber., 1901, 34, 2824) by heating 2 : 4-dichloro- 
5 : 6-dimethylpyrimidine with hydriodic acid and red phosphorus. 4-Amino-6-hydroxy-2-methylpyrimidine 
was readily obtained by interaction of equimolecular amounts of acetamidine, ethyl cyanoacetate, and sodium 
ethoxide (Traube, Centr., 1902, II, 1229); omission of the sodium ethoxide led to formation of a product believed 
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to be ethyl B-amino-u-cyanocrotonate (cf. Kenner, Lythgoe, Todd, and Topham, j., 1943, 388). 2-Piperidino-4- 
hydroxy-6-methylpyrimidine was obtained in good yield by heating 4-hydroxy-2-ethylthio-6-methylpyrimidine 
with excess of piperidine, and was converted into the 4-chloro-derivative by heating with phosphoryl chloride. 
2 : 4-Dihydroxy-5 : 6-dimethylpyrimidine necessary for the preparation of the corresponding dichloro-compound 
was conveniently prepared by heating 4-hydroxy-2-thiol-5 : 6-dimethylpyrimidine with aqueous chloroacetic 
acid. 2-Amino-4-hydroxy-5-benzyl-6-methylpyrimidine was prepared by condensation of guanidine with ethy] 
a-benzylacetoacetate, and converted into the 4-chloro-compound by the action of phosphoryl chloride. 2-Amino- 
4-hydroxy-5 : 6-cyclohexenopyrimidine (Mitter and Bhattacharya, Quart. J. Ind. Chem. Soc., 1927, 4, 149) and 
2-amino-4-hydroxy-5 : 6-cyclopentenopyrimidine were similarly obtained from guanidine and the appropriate 
8-keto-esters, and were converted into the corresponding 4-chloro-compounds in the usual way. 


EXPERIMENTAL, 


Condensation of Acetamidine with Ethyl Cyanoacetate.—To an ice-cold solution of sodium (8-3 g. = 1 atom) in ethanol 
(200 c.c.), acetamidine hydrochloride (33-8 g. = 1 mol.) was added, followed by ethyl cyanoacetate (41 g. = 1 mol.). 
After leaving overnight at room temperature, the mixture was heated under reflux for 2 hours, and filtered from 
sodium chloride. After removal of a portion of the alcohol by distillation, the solution was cooled, and the product 
(20-6 g.; 37%) collected by filtration, washed, and recrystallised from alcohol. Ethyl B-amino-a-cyanocrotonate formed 
colourless prisms, m. p. 190° (Found: N, 17-9. C,H,9O,N, requires N, 18-2%). 

2-Piperidino-4-hydroxy-6-methylpyrimidine.—A solution of 4-hydroxy-2-ethylthio-6-methylpyrimidine Dee g.) (Johns, 
Amer. Chem. J., 1908, 40, 350) in piperidine (100 c.c.) was refluxed for 8 hours; evolution of ethylthiol occurred. 
Excess of piperidine was removed by distillation under reduced pressure and the brownish residue crystallised from 
ethyl acetate; iperidino-4-hydroxy-6-methylpyrimidine (17-5 g.; 72%), m. p. 180—184°, was obtained. Two 
recrystallisations from methanol-ethyl acetate (charcoal) afford colourless needles, m. p. 185° (Found: C, 62-0; 
7-6. C,.H,,ON, requires Cc, 62-2; H, 7:8% 

4-Chloro-2-piperidino-6-methylpyrimidine.—The above hydroxy-compound (8-5 g.) was heated under reflux with 
phosphoryl chloride (50 c.c.) for 4 hours; excess of reagent was removed by distillation under reduced pressure, and the 
residual oil was decomposed with ice. The resulting solution was made alkaline with ammonia and extracted with 
ether. After drying over sodium sulphate, the extract was distilled, ee eee (5-7 g.; 
61%) being collected at 292—293° as a yellow oil. The com. recrystallised from 80% alcohol, m. p. 98-5—99-5° 
(Found: C, 44-2; H, 41; N, 18-7. C,9H,,N,Cl,C,H,O,N, requires C, 43-5; H, 3-9; N, 19-0%). 

4-Hydroxy-5 : 6-dimethylpyrimidine.—Formamidine hydrochloride (16-1 g.) was added to ice-cold alcoholic sodium 
ethoxide (from 4-6 g. of sodium and 200 c.c. of alcohol), and the mixture was shaken for 10 minutes. The resulting 
solution of formamidine was treated with ethyl a-methylacetoacetate (28-8 g.), and, after leaving for 3 days at room 
temperature, it was filtered from sodium chloride and evaporated to dryness. 4-Hydroxy-5: é-dim ethylpyrimidine 
(6-0 g.; 24%) remained as a colourless solid, m. p. 202—204° (Schlenker, Joc. cit., gives m. p. 204°). A specimen was 
recrystallised from alcohol for analysis (Found : C, 57-5 ; H, 6-5. Calc. forC,H,ON,: C, 58-0; H, 6-4%). 

4-Chloro-5 : 6-dimethylpyrimidine.—A solution of the crude hydroxydimethylpyrimidine (6 g.) in ape ened chloride 
(36 c.c.) was heated under reflux for 3 hours, and excess of phosphoryl chloride was removed under reduced pressure. 

e residue was added to ice, and the resulting solution made alkaline with aqueous ammonia and extracted with ether. 
The extract was dried and distilled; the chloro-compound (4:1 g.; 60%) boiled at 206° and was a yellow liquid of 
unpleasant ‘‘ mousy ” odour which solidified on cooling and then had m. p. 48° (Schlenker, Joc. cit., gives m. p. 51°). 

4-Hydroxy-2-thiol-5 : 6-dimethylpyrimidine.—Thiourea (38 g.) and ethyl a-methylacetoacetate (72 g.) were added to 
alcoholic sodium ethoxide (from 11-5 g. of sodium and 200 c.c. of alcohol), and the solution heated under reflux for 2 
hours. Alcohol was removed by evaporation and the residual sodium salt was dissolved in water; the filtered solution 
was acidified with hydrochloric acid, and the precipitated 4-hydroxy-2-thiol-5 : 6-dimethylpyrimidine (34 g.) was collected, 
washed with water, and dried. It crystallised from hot water as colourless needles, m. p. 278—280° (decomp.) (Found : 
C, 46-7; H, 53; N, 17-7. C,H,ON,S requires C, 46-2; H, 5-1; N, 17-9%). 

2 : 4-Dihydroxy-5 : 6-dimethylpyrimidine.—The above thiol (34 g.) was heated under reflux for 8 hours with a solution 
of chloroacetic acid (34 g.) in water (21.). On cooling the hot, filtered solution, the gO und separated as: 
—— yo som ~ p. 294—297° (decomp.) (22 g.; 78%). Behrend and Kircher (Amnalen, 1911, , 305) give m. p. 
294—-296° (decomp.). 

4-Chloro-2 : 5 ‘Cainaigtpyinidinn —A mixture of 4-hydroxy-2 : 5 : 6-trimethylpyrimidine (Pinner, Ber., 1889, 22, 
1617) (10-5 g.) and phosphoryl chloride (60 c.c.) was heated under reflux for 4 hours, and the product was isolated in the 
usual manner. hloro-2 : 5 : 6-trimethylpyrimidine (8-2 g.; 69-5%) had b. p. 215°, and was a yellow liquid of character- 
mousy ” picrate had m. p. 132° (Found: C, 40-5; H, 3-1; N, 18-1. C,H,N,CI,C,H,O,N, requires 

, 40°56; H, 3-1; N, 18-2%). 

2-A mino-4-hydroxy-5-benzyl-6-methylpyrimidine.—Guanidine hydrochloride (57-3 g.) was added to alcoholic sodium 
ethoxide (from 13-8 g. of sodium and 325 c.c. of alcohol), and the mixture was shaken vigorously for 5 minutes. Ethyl 
a-benzylacetoacetate (132 g.) was now added and the mixture, after keeping overnight, was heated under reflux for 2 
hours. The'solid material was collected from the cooled mixture and stirred with cold water (200 c.c.). It was again 
collected, washed free from sodium chloride, and dried, first at 40°, then at-100°. The colourless, crystalline product 
(84 g.; 65%), m. p.-273—275°, was used without further purification. Recrystallisation of a specimen from water raised 
the m. p. to 277-5—278-5° (Found: C, 66-7; H, 6-2; N, 19-5. C,,H,,ON, requires C, 67-0; H, 6-1; N, 19-6%). 

4-Chloro-2-amino-5-benzyl-6-methylpyrimidine.—The above hydroxy-compound (55 g.) was treated with phosphoryl 
chloride in the usual manner. After pouring the crude product on ice, the solution obtained was made alkaline with 
ammonia, keeping the temperature below 25°. The chloro-compound separated as a solid, which was collected, washed 
with cold water, and dried at 40°. On crystallisation from alcohol (charcoal), the substance (25 g.; 42%) was obtained 
as a colourless, microcrystalline powder, m. p. 182-5—-183-5°. Further recrystallisation raised the m. p. to 184-5—185-5° 
(Found : C, 61-4; H, &3; N, 17-9. .C,,H,,N,Cl requires C, 61-7; H, 5-1; N, 18-0%). 

2-A mino-4-hydroxy-5 : ef. Mitter and Bhattacharya, loc. cit.) —Guanidine hydrochloride 
(76-4 g.) was added to warm alcoholic sodium ethoxide (from 18-4 g. of sodium and 432 c.c. of alcohol), and the mixture was 


allowed to stand for 10 minutes with occasional shaking. Ethyl cyclohexanone-2-carboxylate (136 g.) was added and, 

after leaving overnight, the mixture was heated under reflux for 2 hours. The colourless, solid material was collected, 

washed by stirring with cold water (1 1.) and again collected by filtration. After further washing on the filter, the product 

ar g.; 91%) was dried at 100°. On isation from hot water it formed colourless prisms, m. p. > 300° (Found : 
, 58-2; H, 6-6; N, 25-6. Calc. forC,H,,ON,: C, 58-2; H, 6-6; N, 26-5%). 
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2-Amino-4-hydroxy-5 : 6-cyclopentenopyrimidine was obtained from ethyl cyclopentanone-2-carboxylate (125 g.) in an 
analogous manner. The colourless product (75-5 g.; 62-5%) did not melt below 300°; it crystallised from hot water in 
prisms (Found: C, 55-8; H, 6-1; N, 27-7. C,H,ON; requires C, 55-6; H, 6-0; N, 27-8%). 

4-Chloro-2-amino-5 : 6-cyclohexenopyrimidine.—The hydroxy-compound (57-8 g.) was heated under reflux with 
phosphoryl chloride (250 c.c.) until a clear solution was obtained (ca. 30 minutes); excess of reagent was removed under 
reduced pressure and the product was isolated in the usual manner; the chloro-compound (55 g.; 85%) was thus obtained 
as a colourless, crystalline solid, m. p. 202—203°; it was soluble in benzene, acetone, and alcohol, but very sparingly 
soluble in hot water. Crystallisation from alcohol afforded colourless needles, m. p. 206—207° (Found : C, 51-9; H, 5-5; 
N, 23-3. C,H, )N,Cl requires C, 52-3; H, 5-5; N, 22-9%). 

4-Chlovo-2-amino-5 : 6-cyclopentenopyrimidine, prepared similarly, and from alcohol, had m. p. 197—198° 
(Found: C, 50-0; H, 4:9; N, 24:8. C,H,N,Cl requires C, 49-6; H, 4:7; N, 24-8%). 

Alkylaminopyrimidines.—The compounds listed in Tables I, II, III, and IV were prepared by the following general 
method. The chloropyrimidine (4—7 g.) was dissolved in about 5 times its weight of the appropriate amine and the 
solution refluxed for 4—6 hours; the method was slightly varied for the 4-diethylamino-compounds where, for obvious 
reasons, the heating with diethylamine was carried out in a sealed tube at 150—160°. Excess of amine was then removed 
by distillation under reduced pressure from an oil-bath, and the residue dissolved in the minimum quantity of dilute 
hydrochloric acid. The product was liberated by addition of excess of solid sodium hydroxide. Rarely, the crude 
product was a solid which could be purified by crystallisation; usually it formed a viscous oil, which was extracted with 
ether. The ethereal solution was dried over sodium sulphate and evaporated, and the residue was distilled at ca. 10° mm. 
from a metal-bath. Many of the distilled products crystallised on standing, or on trituration with cold, anhydrous ether; 
they were then further purified by recrystallisation from light petroleum, benzene—petroleum, or aqueous alcohol. Those 
which did not crystallise were redistilled in a high vacuum; they were usually highly viscous and light yellow. The 
crystalline products were all colourless. The yields usually ranged from 70 to 90%, depending mainly on the losses 
involved in purification. 

In addition to the substances listed in Tables I—IV, the following were prepared by the same general method. 2-8- 
Diethylamino-a-methylbutylamino-4 : 6-dimethylpyridine distilled at 10 mm. at 130° (bath temp.) as a _ yellow oil 
(74%) (Found: C, 67-7; H, 10-9; N, 20-7. C,,H,,N, requires C, 68-2; H, 10-6; N, 21-2%). 4-8-Diethylamino-a- 
methylbutylamino-5 : 6-dimethylpyrimidine, after two successive distillations at 135—140° (bath temp.), set to a waxy, 
hygroscopic solid (71%), m. p. 48—49°. A specimen was distilled a third time for analysis (Found: C, 67-5; H, 10-4; 
N, 19-9. C,sH,,N, requires C, 68:2; H, 10-6; N, 21:2%). 4-8-Diethylamino-a-methylbutylamino-2 : 5 : 6-trimethyl- 
pyrimidine distilled at 130° (bath temp.) as a viscous, straw-coloured oil (74%) (Found: C, 68-7; H, 10-7; N, 19-8. 
requires C, 69-1; H, 10-8; N, 20-:1%). 2: : 6-dimethylpyrimidine, 
b. p. 160°/10-* mm. (bath temp.), was a yellowish-brown oil (74%) (Found: C, 68-4; H, 11-2; N, 19-8. C,,H,.N, 
requires C, 68-6; H, 11-4; N, 20-0%). 

The following Experiments were carried out by Dr. R. De B. Ashworth, I.C.I. Lid. (Dyestuffs Division).—2-Amino-4-B- 
diethylaminoethylamino-6-methylpyrimidine. 4-Chloro-2-amino-6-methylpyrimidine (43 g.; Gabriel and Colman, Ber., 
1899, 82, 2924) was added to a mixture of £-diethylaminoethylamine (52 g.) and glacial acetic acid (52c.c.). After heating 
on a water-bath for 3 hours theclear solution was poured into water (500 c.c.), the solution filtered, and sodium hydroxide 
solution (200 c.c. of 34%) added followed by solid sodium hydroxide (100 g.). The precipitated oil was separated, the 
aqueous layer extracted with benzene, and the benzene extract added to the oil. After drying for several days over solid 
sodium hydroxide and then removing the benzene by evaporation, the product was distilled in a vacuum using a short 
electrically heated Vigreux column and the fraction b. p. 161°/3 mm. collected. 2-Amino-4-B-diethylaminoethylamino-6- 
methylpyrimidine (45-6 g.; 68-3%) thus obtained formed a slightly yellow oil which gradually solidified on standing and 
was then crystallised from ligroin (b. p. 60—80°) ; it had m. p. 70—72° (Found: N, 31-2. C,,H,,N, requires N, 31-3%). 
The dipicrate formed yellow crystals, m. p. 216—218°, by crystallisation from acetone-alcohol (Found : C, 40-8; H, 4-2; 
N, 22-3. requires 40-5; H, 4:0; N, 22-6%). 

2-A A mixture of 4-chloro-2-amino-6-methyl-5-ethyl- 
pyrimidine (51 g.; Byk, Ber., 1905, 36, 1915), 8-diethylaminoethylamine (52 g.), and glacial acetic acid (52 c.c.) was heated 
on a water-bath for 3 hours and then refluxed for } hour. The homogeneous mixture was poured into a large excess of 
water and filtered from some 2-amino-4-hydroxy-6-methyl-5-ethylpyrimidine. The filtrate was added to excess of 34% 
sodium hydroxide solution, the precipitated oil separated, and the aqueous layer extracted with benzene. The oily layer 
and the benzene extract were combined, dried over solid sodium hydroxide, and evaporated. The residual oil was 
distilled in a vacuum using a short electrically heated bead column, and the fraction of b. p. 210°/6 mm. collected (yield, 
585%). By crystallisation from ligroin (b. p. 60—80°) 2-amino- — 
was obtained as clusters of colourless needles, m. p. 86° (Found: N, 27-6. C,,;H,;N, requires N, 27-9%). 
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71. Synthetic Antimalarials. Part IV. 2-Phenylguanidino-4-aminoalkylamino- 
6-methyl pyrimidines. 
By F. H. S. Curp and F. L. Ross. 
The series of ee eee carrying substituents in the 2-anilino 


group, described in Part I (this vol., p. 343), has been extended to the 2-phenylguanidino derivatives. The new 
compounds, like those of the earlier paper, function as riboflavin antagonists. Several are potent anti i 
agents. 


In Part I (loc. cit.) we recorded the development of a new class of antimalarial drug based on pyrimidine. 
The most active compounds were of type (I; R = Cl or OMe, R’ = alkylene-N(alkyl),). The therapeutic 
activity of these compounds was thought to be associated with a tautomeric possibility (I) == (II) similar 
to that suggested by Schénhéfer for mepacrine (III) (Z. physiol. Chem., 1942, 274, 1), and to the ability of these 
substances to function as antagonists of the growth factor riboflavin (Curd, Davey, and Rose, Amn. Trop. Med. 
Parasit.,in the press). This antagonism was attributed to the formal resemblance of (I) and (III), when formu- 
lated as planar molecules, to the structure of riboflavin (IV). It was apparent that the tautomerism (I) == (II) 
would be largely independent of the nature of the amino substituent in the 2-position of the pyrimidine ring, 
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thus allowing considerable scope for variation with the possibility that active compounds might still result. 
We were at that time interested in aryldiguanides in another connection, and it occurred to us that a diguanide 
such as (V) might give rise to compounds of type (VI) having similar tautomeric potentialities to (I) and still 
possessing, when formulated as a planar molecule, some slight structural resemblance to riboflavin. Aryl- 
diguanides are known compounds and are most readily prepared in the form of their salts by the interaction 
of arylamine salts with dicyandiamide (Smolka and Friedreich, Monatsh., 1888, 9, 230; Cohn, J. pr. Chem., 


M 
) ) (IV.) 


1911, 84, ig The necessary precursor of (VI) would be the hydroxypyrimidine (VII) which, by analogy 
with the reaction between p-methoxyphenylguanidine and ethyl acetoacetate described by Curd and Rose 
(loc. cit.), might be expected to result from the reaction of the latter with (V). It was anticipated, however, 
that a mixture of isomers would be obtained since nitrogen atoms other than the terminal pair might be involved 
in the condensation, resulting, for example, in (VIII). Further, it has been shown that ethyl formate reacts 
with diguanide to give 2 : 4-diamino-1 : 3 : 5-triazine (Rackmann, Annalen, 1910, 376, 167) and with phenyl- 


NHR’ 


H NH H Ww 
"Ones 
\NH, H 
(VI.) 
diguanide to give compounds believed to be triazines (Wagner, J. Org. Chem., 1940, 5, 140), so that with ethy? 
acetoacetate compounds of type (IX) might also be formed. The reactions were carried out either between. 
the aryldiguanide and the @-keto ester in ethyl alcohol in the presence of sodium hydroxide or sodium ethoxide, 
or starting with the diguanide hydrochloride and using an additional molar quantity of alkali or alkoxide. 


Under these conditions, and dependent upon reaction temperature, two substances have been obtained from the. 
reaction with hae cr The ee tentatively formulated as (VII; R = p-Cl) con-. 


NH, 
) (VIII.) (IX.) 


stituted 80% or more of the reaction mixture, but a substance of the same empirical formula as (IX; R = p-Cl). 
was also isolated in small yield. Dr. A. G. Murray and Mr. R. S. Neal working in these laboratories have 
examined this reaction in some detail and have found that this second compound is decomposed by hot dilute 
sodium hydroxide giving a compound analysing as (X; R = Cl) and identical with the product obtained by 
acetylation of (V; R= -Cl); its feeble basicity and solubility properties suggest that it has the triazine. 


NH, 
| ne ed sed, 
(XI.) (XII) (XIII) 


structure formulated. Compounds of the type (VII; R = p-Cl, F, NO,) have also been made by interaction. 
of the appropriate aniline hydrochloride with the condensation product of dicyandiamide and ethyl acetoacetate. 
to which structure (XI) has been attributed (Pohl, J. pr. Chem., 1908, 77, 542). The isomeric structure (XII), 
which with R-C,H,-NH, would give (VIII), was, however, not excluded. More recently the structure of (VII; 
R = p-Cl) has been established by an unequivocal synthesis from p-chlorophenylguanidine and (XIII), the- 
reaction product of S-methylisothiourea and ethyl acetoacetate. Details will be given in a later communication. 

The hydroxyl group of compounds of type (VII) was readily replaced by chlorine by treatment with phos- 
phoryl chloride. The resultant chloropyrimidines were labile compounds of high m. p. and low solubility and 
were not all obtained analytically pure before reaction with dialkylaminoalkylamines to give substances of 
type (VI). They were, however, more stable under alkaline than acid conditions, and highest yields of the 
amino compounds were obtained when the reaction was effected by heating the components together in the 
presence of dilute sodium hydroxide and a solvent such as chlorobenzene. The reaction was also accomplished 
by fusing the components either alone or with addition of a little acetic acid, but gummy by-products were- 
invariably produced, particularly if the temperature exceeded 130°. 
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The first preparation in the series was 2-p-chlorophenylguanidino-4-B-diethylaminoethylamino-6-methyl- 
pyrimidine (VI; R = p-Cl, R’ = CH,°CH,’NEt,); this was found to have high antimalarial activity against 
P. gallinaceum in chicks (method described by Curd, Davey, and Rose, Joc. cit.). Futher structural variations 
were made to ascertain how far activity was dependent upon the substituent in the aniline residue and the 
nature of the basic side chain. In all, some fifty compounds have been made, but in this communication we 
record the results with a limited number of the earliest preparations. The remainder will be discussed in a 
later paper of this series. ; 


Antimalarial Activities. 
The activity at various doses is expressed asin Part I. The drugs were administered orally. 


Formula of Base (VI). Dose, 
R’ mg./kg. Activity. 


Ref. No. x. A 
3688 H 300 
3349 p-Cl CH,-CH,‘NEt, 40 
20 + 
3916 p-Cl CH,-CH,-CH,*NC,H 160 + 
3907 p-Cl 200 + 
3833 m-Cl CH,-CH,‘NEt, 80 
3836 o-Cl CH,-CH,'NEt, 160 + 
4510 p-F CH,-CH,NEt, 40 +4 
20 + 
3779 p-Br CH,-CH,NEt, 50 + 
3831 p-l CH,-CH,-NEt, 40 + 
3822 p-CN CH,-CH,-NEt, 40 +> 
0 + 
3747 p-NO, CH,°CH,*NEt, 40 + 
20 + 
3742 ~-MeO ‘CH, CH, NEt, 200 


One of the most active compounds (3349) was examined by Dr. Madinaveitia and found to antagonise 
riboflavin with respect to the growth of Lactobacillus casei so the mode of action of this type of drug was 
probably related to that of the allied p-chloroanilino compounds recorded in Part I. 


EXPERIMENTAL. 


p-Chlorophenyldiguanide (V; R' = p-Cl).—#-Chloroaniline hydrochloride (170 g.) and dicyandiamide (84 g.) were 
refluxed together in water (400 c.c.) for 1 hour. The diguanide salt separated out. The suspension was cooled and 
filtered. Recrystallisation of the solid from water gave p-chlorophenyldiguanide hydrochloride as colourless plates (120 
g.), m. p. 253—254° (Found: N, 27:9. C,H, .N,Cl,HCl requires N, 28-2%). The free base was obtained by adding 
excess sodium hydroxide to a solution of the hydrochloride in water at 90°. The oil which formed solidified on cooling 
and crystallised from water as colourless prisms, m. p. 94—95° (Found: Cl, 15-25. C,H, )N,Cl,H,O requires Cl, 15-45%). 

4-Hydroxy-2-p-chlorophenylguanidino-6-methylpyrimidine (VII; R = p-Cl).—(a) p-Chlorophenyldiguanide hydro- 
chloride (160 g.) was stirred in a mixture of ethyl alcohol (400 c.c.), water (60 c.c.), and sodium hydroxide (40 g.) at 40° 
until dissolved. Ethyl acetoacetate (192 c.c.) was added and the mixture left at room ‘eo for 20 hours. The 

recipitate was filtered off, washed with a little alcohol, then well with water, and dried. e crude solid (138 g.) was 
boiled in methyl alcohol (300 c.c.) for several minutes, cooled a little, and filtered. The insoluble residue (122 g.) melted 
at 288—289° and was pure 4-hydroxy-2-p-chlorophenyl, (Found : C, 52-0; H, 4-05; N, 24-8, 
CrgH ON Cl requires C, 52-0; H, 4:3; N, 25-2%). ecrystallisation nitrobenzene gave colourless needles, m. p. 
288—289°. 

The methyl alcohol extract was diluted with water and the precipitate collected and recrystallised from a smaller 
volume of methyl alcohol. The colourless crystalline solid, m. p. 162—164°, was considered to be 2-amino-4-p-chloro- 
phenylamino-6-acetonyl-1 : 3 : 5-triazine (IX; R = p-Cl) (Found: C, 52-35; H, 4-8; N, 25-0; Cl, 12-5. C,,H,,ON,Cl 
requires C, 52-0; H, 4:3; N, 25-2; Cl, 128%). A solution in dilute sodium hydroxide gave, on heating, a compound, 
m. p. 195—196°. An identical compound (no depression of m. p.) was obtained by cautiously adding acetic anhydride 
(4 c.c.) to a solution of 4-chlorophenyldiguanide hydrochloride (4-6 g.) in dioxan (10 c.c.), water (10 c.c.), and sodium 
hydroxide (10 g.), stirred at 40—50°, and after 30 minutes adding water (70 c.c.) and recrystallising the dried and washed 
precipitate from m-butyl alcohol. 2-Amino-4-p-chlorophenylamino-6-methyl-1 : 3 : 5-triazine (XK; R= Cl) was thus 
obtained as eK) needles, m. p. 195—196° (Found: C, 50-6; H, 3:8; N, 29-25. C,gH, N,Cl requires C, 50-95; 
H, 4:25; N, 29-6%). 

(b) 2-Cyanoamino-4-hydroxy-6-methylpyrimidine (5-6 g.; Pohl, Joc. ott). and ~-chloroaniline (5-6 g.) were refluxed 
for 10 hours in a mixture of B-ethoxyethanol (60 c.c.) and 2N-hydrochloric acid (50 c.c.). The resultant solution was made 
alkaline with concentrated sodium hydroxide solution while still hot, and diluted with cold water (400c.c.). The crystal- 
line precipitate of crude (VII; R = -Cl) was collected and purified through conversion into the hydrochloride. For 
this purpose the solid was dissolved in water (200 c.c.) and concentrated hydrochloric acid (10 c.c.) at 40°, and filtered 
from insoluble impurity. More hydrochloric acid (100 c.c.) was added to the filtrate, and the precipitated hydrochloride 
filtered off. This was converted to the free base by dissolving in water (100 c.c.) at 60° and adding dilute ammonia 
until just alkaline. The precipitate was collected, washed, and dried (3-8 g.), and recrystallised from nitrobenzene, 
m. p. 288—289° (no depression with material made as in (a)). 

(150 g.) was refluxed with phosphoryl chloride (300 c.c.) for 30 minutes. The hot reaction mixture was cautiousl 
added to crushed ice and water (3 kg.) containing dissolved sodium hydroxide (600 g.). The precipitate was filtered off, 
washed with water, and dried in a vacuum over Solid potassium hydroxide (yield, 142 8). It was not convenient, 

, or even possible without considerable decomposition, to purify the entire yield. small quantity was there- 
fore crystallised rapidly from acetone. a was then obtained as 
colourless silky needles, m. p. 180° (Found: C, 48-1; H, 3-4; N, 23-25. C,,H,,N,Cl, requires C, 48-65; H, 3-7; N, 
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23-6%). Omission of the sodium hydroxide from the above ice-water mixture gave the 4-chloropyrimidine as the 
unstable hydrochloride. This recrystallised from water in colourless needles, carrying water of crystallisation, which 
melted indefinitely dependent upon rate of heating. The crude chloropyrimidine hydrochloride, after drying in a vacuum 
over potassium hydroxide, was used successfully for reaction with dialkylamin ines. 

2-p-Chlorophenylguanidino-4-B-diethylaminoethylamino-6-methylpyrimidine (VI; R = p-Cl, R’ = CH,°CH,’NEt,).— 
(a) 4-Chloro-2-p-chlorophenylguanidino-6-methylpyrimidine hydrochloride (crude dried reaction i ay 135 g.), 
p-diethylaminoethylamine (59 g.), and acetic acid (55 c.c.) were heated together for 30 minutes in an oil-bath at 120—130°. 
The hot reaction melt was added to cold water (1 1.), stirred with decolourising charcoal, and filtered. The filtrate was 
made alkaline with sodium hydroxide. The sticky precipitate solidified on warming to 60—70° and was filtered off and 
dried (yield, 106 g.); 60 g. were crystallised from light petroleum (b. p. 100—120°) to give colourless needles e g) of 
2-p-chlorophenylguanidino-4-B-diethylaminoethylamino-6-methylpyrimidine, m. p. 154—155° (Found: C, 57-4; H, 6-65; 
N, 25-8. C,,H,,N,Cl requires C, 57-5; H, 6-9; N, 26-1%). 

(b) 4-Chloro-2-p-chlorophenylguanidino-6-methylpyrimidine (3-3 g.; crystalline base), 
(1-9 g.), chlorobenzene (10 c.c.), sodium hydroxide (1-6 g.), and water (10 c.c.) were refluxed with stirring for 4 hour. 
The chlorobenzene was distilled off in steam and the residual solid collected. This crude — was purified by dis- 
solving in dilute acetic acid and reprecipitating, after filtration, with sodium hydroxide. e base was filtered off and 
dried (yield, 3-7 g.), m. p. 154—154-5°, undepressed in admixture with crystalline material made by method (a). 2-p- 
Chlorophenylguanidino-4-B-diethylaminoethylamino-6-methylpyrimidine dihydrochloride (3349) was obtained as colourless 
prisms, m. p. 142—144°, by dissolving the base (69-6 g.) in 2N-hydrochloric acid (179 c.c.) and adding acetone (750 c.c.) 
(Found: Cl’, 15-1. requires Cl’, 15-2%). 

(VI; R = p-Cl, R’ = 
(3907), prepared by method (a) above by interaction of y-diethylaminopropylamine (10-6 g.) and the chloropyrimidine 
(pure crystalline base, 14-8 g.), formed colourless needles from light petroleum (b. p. 80—100°) (Found: C, 59-65; H, 
7-65; N, 24-1. C,,H,,N,Cl requires C, 59-4; H, 7-4; N, 243%). 

2-p-Chlorophenylguanidino-4-B-piperidinoethylamino-6-methylpyrimidine (VI ; R=p-Cl, R’ =CH,°CH,’N <[CH,], >CH,) 
(3916), prepared analogously from an pee ema (10-7 g) and the chloropyrimidine (pure c ine base, 14-8 
g.), formed ee Pa%). from n-butyl alcohol, m. p. 192° (Found: C, 59-6; H, 6-55; N, 24-0. 20FHggN {Cl requires 
C, 59-8; H, 7-0; N, 244%). 

(VII; R=)-F), obtained as for the -chlorophenyl 
derivative (method (b)) by refluxing for 22 hours a mixture of p-fluoroaniline hydrochloride (12 g.), 2-cyanoamino-4- 
hydroxy-6-methylpyrimidine (12-5 g.), B-ethoxyethanol (60 c.c.), and water (20 c.c.), crystallised from nitrobenzene as 
an =— m. p. 268—260° (Found: C, 54:95; H, 5-0; N, 26-0. C,,H,,ON,F requires C, 55-2; H, 
4-6; N, 26-8%). 

4-Hydroxy-2-p-nitrophenylguanidino-6-methylpyrimidine (VII; R = p-NO,) was prepared similarly by refluxin 
for 5 hours a mixture of p-nitroaniline (27-4 g.), 2-cyanoamino-4-hydroxy-6-methylpyrimidine (30 g.), Setheuptienl 


(150 c.c.), concentrated hydrochloric acid (17-4 c.c.), and water (20 c.c.) (yield of crude product, 42 g.), m. p. 260—262°. ; 


It crystallised from nitrobenzene as yellow needles, m. p. 279—281° (Found: C, 49-5; H, 4:2; N, 28-7. C,,H,,0,N, 
requires C, 50-0; H, 4-2; N, 292%). A solution in hot dilute sodium hydroxide gave golden yellow needles of a sodium 
salt on cooling. 

Substituted Phenyldiguanides (V).—The ont eae were made as intermediates for the preparation of the 
corresponding 4-hydroxy-2-substitued-phenylguanidino-6-methylpyrimidines : 

o-Chlorophenyldiguanide hydrochloride (V; R = 0-Cl), prepared as for (V, R = p-Cl) by refluxing for 14 hours 
o-chloroaniline (32 g.), dicyandiamide (21 g.), concentrated hydrochloric acid (22 c.c.), and water (150 c.c.). Colourless 
needles from water, m. p. 239° (yield, 37 g.) (Found: N, 27-85. C,H, N,Cl,HCl requires N, ae (ay m-Chlorophenyl- 
diguanide hydrochloride (V; R = m-Cl), prepared similarly from m-chloroaniline hydrochloride (46 g.), dicyandiamide 
(23 g.) and water (70 c.c.). Colourless prisms from water, m. p; 208° (yield, 21 g.) (Found: N, 27-7. C,H, )N,Cl,HCl 
requires N, 28-2%). vomophenyldiguanide hydrochloride (V; R = p-Br), prepared similarly from »-bromoaniline 
hydrochloride (31-4 g.), ge ea (12-7 g.), and water (50 c.c.), refluxed for 15 minutes and recrystallised from 
water, m. p. 242-244° (yield, 25-3 g.) (Found : N, 23-65. C,H,)N,Br,HCl requires N, 23-99%). TIodophenyldiguanide 
hydrochloride (V; R = p-I), p similarly from p-iodoaniline ye g.), dicyandiamide (8-4 g.), concentrated hydro- 
chloric acid (8-8 c.c.), and water (70 c.c.) by refluxing for 1 hour. lourless prisms from water, m. p. 234° (yield, 19 g.) 
(Found: N, 19-65. C,H, .N,I,HCI,H,O requires N, 19-6%). p-Cyanophenyldiguanide hydrochloride (V; CW), 


prepared from p-aminobenzonitrile (11-8 g.), dicyandiamide (8-4 g.), concentrated eer iges acid (8-8 c.c.), and water . 


(70 c.c.) refluxed for 15 minutes. Colourless crystals from water, m, p. 284—286° (yield, 10-8 g.) (Found: N, 34-8. 
C,H, 9N,,HCl requires N, 35-2%). 
p-Nitrophenyldiguanide (V; R = p-NO,) required slightly modified reaction conditions. -Nitroaniline (8-4 g.) 
was dissolved in hot water (20 c.c.) and concentrated hydrochloric acid (8-8 c.c.). Dicyandiamide (14 g.) was add 
and the mixture was refluxed for 15 minutes. The crystalline precipitate formed on cooling contained unreacted 
-nitroaniline hydrochloride. The suspension was diluted with water, re-heated to give complete solution, and poured 
into*excess dilute sodium hydroxide. The yellow precipitate was filtered off, dried at 100°, then stirred with toluene 
(120 c.c.) at 50°. Unchanged p-nitroaniline dissolved, leaving tne gy ge This was collected and crystal- 
lised from ethyl alcohol, being thus obtained as golden 3 posed needles, m. p. 177—179° (yield, 3-2 g.) (Found: C, 40-0; 
H, 5-0; N, 34°35. C,H,.O,N,,H,O requires C, 40-0; H, 5-0; N, 35-0%). 
4-Hydroxy-2-substituted-phenylguanidino-6-methylpyrimidines (VII).—The following were made by reaction of the 
appropriate diguanides with ethyl acetoacetate [method (a) described above for (VII ; R = p-Cl)]: 
+H droxy-2-phenylguanidino-6-methylpyrimidine (VII; R =H), from phenyldiguanide hydrochloride (55 g.; 
Cohn, J. pr. Chem., 1911, 84, 394), ethyl acetoacetate (80 c.c.), ethyl alcohol (150 c.c.), and sodium hydroxide solution 
(40 c.c., 40%) (yield of crude product, 39 g.). Colourless needles from nitrobenzene, m. p. 244—246° (Found : N, 28-55. 
12H,,;ON, requires N, 28-89%). 4-Hydroxy-2-m-chlorophenylguanidino-6-methylpyrimidine (VIL; R = m-Cl), from m- 
chlorophenyldiguanide hydrochloride (20 g.), ethyl acetoacetate (29 c.c.), ethyl alcohol (70 c.c.), and sodium hydroxide 
solution (15-6 c.c., 40%) (yield of crude product, 18 g.). Colourless needles from. nitrobenzene, m. p. 239° (Found: 
N, 24-55. C,,H,,ON,Cl requires N, 25°2%). (VI1; R = 
o-Cl), from o-chloro henyldiguanide hydrochloride using the same quantities as for the m-chloro derivative (yield of crude 
roduct, ‘20 g.). lourless crystals from nitrobenzene, m. p. 252—254° A N, 24:35. C,,H,,ON,Cl requires 
, 252%). (VIl; R = -Br), similarly prepared from 
yom a gy hydrochloride (25-3 g.) (yield of crude product 24-2 g.). Needles from nitrobenzene, m. p. 252— 
254° (Found: N, 21-4. C,,H,,ON,Br requires N, 21-75%). 4-Hydroxy-2-p-iodophenylguanidino-6-methylpyrimidine 
(VII; R = -1), similarly prepared from p-iodophenyldiguanide hydrochloride (19 g.) = of crude product 17 g.). 
Pale yellow needles from nitrobenzene, m. p. 275—280° (Found: N, 18-15. C,,H,,ON,I requires N, 18-9%). 
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(10-7 g.). Colourless prisms from nitrobenzene, m. p. 278° (Found: N, 31-1. C,;H,,ON, 
requires N, 31:3%). 
end (VII; R= %-NO,). -Nitrophenyldiguanide (9 &), ethyl 
acetoacetate (11-4 g.), sodium methoxide (2-6 g.), and methyl alcohol (60 c.c.) were refluxed for 15 hours. e mixture 
was cooled and the crude hydroxypyrimidine which precipitated was purified by dissolving in hot dilute sodium hydroxide, 
reprecipitating with dilute acetic acid and recrystallising from nitrobenzene. Yellow needles, m. p. 279—281°, un- 
depressed in aes). with material made as described above from 2-cyanoamino-4-hydroxy-6-methylpyrimidine and 
p-nitroaniline (p. 365). 
4-Hydroxy-2-p-antsylguanidino-6-methylpyrimidine (VII; .R = p-OMe), prepared from p-anisyldiguanide hydro- 
chloride (10-1 g.), ethyl acetoacetate (11 c.c.), ethyl alcohol (20 c.c.), and sodium hydroxide solution (3-6 c.c., 40%), 
left at room temperature for 4 days. The reaction product was recrystallised from f-ethoxyethanol. Colourless prisms, 
m. p. 253° (Found: N, 25-2. C,,;H,,0,N, requires N, 25-6%). 
(VI).—The 4-hydroxypyrimidine 
derivatives described above were converted, by the methods already indicated, successively into the’ ye ee 
4-chloro- and 4-f-diethylaminoethylamino-pyrimidines. The chloropyrimidines were isolated from the phosphory 
chloride reaction mixture either as free bases by adding to ice and sodium hydroxide, or as hydrochlorides by adding 
to ice alone. The crude 4-chloropyrimidines were not characterised, but, after drying in a vacuum over potassium 
hydroxide, were caused to react with £-diethylaminoethylamine by method (a) described above for (VI; R = p-Cl, 
R’ = CH,’CH,"NEt,). In one instance, viz., (VI; R = ~-F, R’ = CH,°CH,*NEt,), method (b) was employed. 
2-Phenylguanidino-4-B-diethylaminoethylamino-6-methylpyrimidine (VI; R=H, R’ = CH,°CH,’NEt,) (3688). 
The 4-chloropyrimidine hydrochloride (17-8 g.; crude reaction product from (VII; R= H, 39 g.) and phosphoryl 
chloride (78 c.c.)) were heated with £-diethylaminoethylamine (10-6 c.c.) in acetic acid (10 c.c.) for 1 hour in an oil-bath 
at 130°. The reaction mixture was worked up as indicated earlier and the base recrystallised from light petroleum 
. p. 100—120°). Colourless flat needles, m. p. 127—128° (Found : C, 63-95; H, 7-95; N, 27-4. C,,H,,N, requires C, 64-3; 
, 82; N, 27-6%). The 2-m-chlorophenyl compound (VI; R=m-Cl, R’=CH,°CH,-NEt,) (3833), analogously prepared from 
the corresponding 4-chloropyrimidine hydrochloride (17 g.; crude reaction product), p-diethylaminoethylamine (9 g.), 
and acetic acid (9 c.c.), crystallised from light petroleum (b. p. 100—120°), after drying the hot solution over potassium 
hydroxide, as colourless needles, m. p. 149° (Found: C, 57-3; H, 6-7; N, 25-65. 1gta,N7Cl requires C, 57-5; H, 6-9; 
N, 26-1%). The 2-o0-chlorophenyl compound (VI; R = o-Cl, R’ = CH,°CH,*NEt,) (3836), from the correspondin 
4-chloropyrimidine hydrochloride (15 g.; crude reaction product), (ren ae (7-9 c.c.), and acetic aci 
(7 c.c.), crystallised from light petroleum as colourless prisms, m. p. 130° (Found : C, 57-1; H, 6-8; N, 25-45. C,,H,,N,Cl 
requires C, 57-5; H, 6-9; N, 26-1%). The 2-p-fluorophenyl compound (VI; R = p-F, R’ = CH,°CH,°NEt,) (4510), 
from the corresponding 4-chloropyrimidine base (4-5g.; crude reaction product), 
(3-8 g.), chlorobenzene (35 c.c.), sodium hydroxide solution (5 c.c., 40%), amd water (35 c.c.) by refluxing for 2 hours, 
crystallised from light petroleum (b. p. 100—120°) as colourless needles, m. p. 163—164° (Found: C, 57-8; H, 7-05; 
N, 26-05. C,,H,,N,F,H,O requires C, 57-3; H, 7-4; N, 260%). The 2-p-bromophenyl compound (VI; R = p-Br, 
R’ = CH,’CH,NEt,) (3779), from the corresponding 4-chloropyrimidine hydrochloride (28-4 g.; crude reaction product), 
f-diethylaminoethylamine (10-5 g.), and acetic acid (9 ¢.c.), heated for 30 mins. in an oil-bath at 95—100°, crystallised 
from light petroleum (b. p. 100—120°) as colourless prisms, m. p. 154—155° (Found: C, 50-95; H, 5-8; N, 22-7. 
C,,H,.N;Br requires C, 51-4; H, 6-2; N, 23-3%). The 2-p-iodophenyl compound (VI; R = p-I, R’ = CH,°CH,°NEt,) 
(3831), from the corresponding 4-chloropyrimidine hydrochloride (18 g.; crude reaction product), B-diethylaminoethyl- 
amine (7-4 g.), and acetic acid (7 c.c.) heated for 1 hour at 100°, crystallised from acetone as colourless prisms, m. p. 
157—159° (Found: N, 20-7. C,,H,,N,I requires N, 21-0%). The 2-p-cyanophenyl compound (VI; R = p-CN, 
R’ = CH,°CH,*NEt,) (3822), from the corresponding 4-chloropyrimidine hydrochloride (7-6 g.; crude reaction product), 
f-diethylaminoethylamine (3-3 g.), and acetic acid (3 c.c.) heated for 1 hour at 100°, crystallised from n-butyl alcohol as 
colourless prisms, m. p. 220—221° (Found : C, 61-9; H, 7-25; N, 29-8. C,,H,,N, requires C, 62-0; H, 7-1; N, 30-6%). 
The 2-p-nitrophenyl compound (VI; R = p-NO,, R’ = CH,°CH,°NEt,) (3747), from the corresponding 4-chloro- 
rs hydrochloride (5-1 g.; crude reaction product), B-diethylaminoethylamine (2-3 g.), and acetic acid (2 c.c.) 
eated 1 hour at 100°, crystallised from »-propyl alcohol as colourless needles, m. p. 214—215° (yield, 2-2 g.) (Found : 
C, 55-4; H, 6-2; N, 28-45. C,,.H,,O,N, requires C, 55-8; H, 6-6; N, 29-0%). The 2-p-anisyl compound (VI; R = p-OMe, 
R’ = CH,’CH,NEt,) (3742), from the corresponding hydrochloride (16-4 g.; crude reaction product), 
f-diethylaminoethylamine (7 g.), and acetic acid (6 c.c.) heated for 15 mins. in an oil-bath at 120—130°, crystallised from 
toluene as colourless prisms, m. p. 185—186° (yield, 6 g.) (Found: C, 61-7; H, 7-4; 'N, 26-15. C,,H,,ON, requires 
C, 61-4; H, 7-8; N, 264%). 


IMPERIAL CHEMICAL INDUSTRIES, LIMITED, 
RESEARCH LABORATORIES, BLACKLEY, MANCHESTER, 9. (Received, June 6th, 1945.] 


72. Synthetic Antimalarials. Part V. 2-Naphthylamino-4-aminoalkylamino- 
6-methyl pyrimidines. 
By F. H. S. Curp, C. G. Rarson, and F. L. Rose. 


Some of the structural variations which have been introduced into the mepacrine molecule are considered in 
relation to their effect on antimalarial activity and taken as a basis for extending the investigation of the 
2-substituted-anilino-4-dialkylaminoalkylamino-6-methylpyrimidines described in Parts I and II (this vol., pp. 
343, 351) to include a number of analogous naphthylamino compounds. High antimalarial activity is shown 
by 2-(6’-bromo-B-naphthylamino)-4-B-diethylaminoethylamino-6-methylpyrimidine and several related compounds. 


Tue formal planar similarity of mepacrine (I; R = CHMe-[CH,],-NEt,) and 2-p-chloroanilino-4-8-diethylamino- 
ethylamino-6-methylpyrimidine (II; R = [CH,],"NEt,, R’ = Cl) to riboflavin (Curd, Davey, and Rose, Amn. 
Trop. Med. Parasit., in the press) and the inhibition of the antibacteyial activity of the first two compounds 
for Lactobacillus casei by the vitamin (Madinaveitia, Biochem. J., in the press) led to the belief that there might 
be some connection between mepacrine and the pyrimidine antimalarials of type (II) (Parts I and II, loc. cit.), 
the activity of both types of compound possibly being due to an interference with the function of a riboflavin- 
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containing enzyme system in the malaria parasite. It was therefore thought that important results might be 
obtained if some of the modifications in the mepacrine molecule investigated by other workers, excluding simple 
changes in substituents, were taken as a guide for further variations in the 2-substituted-anilino-4-dialkyl- 
aminoalkylamino-6-methylpyrimidine structure (II). 

Magidson and Rubtsov (J. Gen. Chem. Russ., 1937, 7, 1896) and Schénhéfer (Z. physiol. Chem., 1942, 274, 1) 
have found that 4-dialkylaminoalkylamino derivatives of 6-methoxyquinoline (III) have antimalarial activity ; 


(I.) 
the 7-halogeno-substituted-4-dialkylaminoalkylaminoquinolines (IV) of D.R.P. 683,692 are ‘also known to be 
active. That these compounds represent portions of the mepacrine molecule (I; R = CHMe-[CH,],*NEt,) 


can be seen from the appended formule, and it is therefore possible that they owe their activity to this relation- 
ship and act in a similar manner to mepacrine. 


E.P. 481,874 relates to benzoquinoline derivatives, carrying an aminoalkylamino group in the 4-position, 
which are stated to possess plasmodicidal activity. The permissible variations include not only derivatives of 


NHR 
NHR NHR NHR 
N N 
(IV.) (V.) (VI.) 


(III.) 
(R = dialkylaminoalkyl group.) 


5 : 6-benzoquinoline (V) but also of 7: 8-benzoquinoline (VI). The former may be regarded as derived from 


those of type (III), the third ring of mepacrine being attached to the benzene nucleus instead of the pyridine 
nucleus, so that the 6-methoxy group of (III) is replaced by a fused benzene nucleus in the 5’: 6-position. The 
latter are similarly related to type (IV), the 7-chlorine atom being replaced by a benzene ring fused in the 7 : 8- 
position. A corresponding variation of the 2-p-substituted-anilino-4-aminoalkylamino-6-methylpyrimidines 
(II) was therefore indicated, and a series of 2-$-naphthylamino-4-aminoalkylamino-6-methylpyrimidines 
(IX; R =H, R’ = alkylene-N(alkyl),) has now been prepared. 


OH | cl NHR’ 
N e N. 
H H H 


(VII.) (VIII.) (IX.) 


Condensation of 4-hydroxy-2-methylthio-6-methylpyrimidine with $-naphthylamine at 130—135° gave 
2-8-naphthylamino-4-hydroxy-6-methylpyrimidine (VII; R = H), with elimination of methylthiol, and conversion 
into the corresponding chloro-compound (VIII; R = H) was effected by boiling with phosphoryl chloride. Like 
4-chloro-2-p-chloroanilino-6-methylpyrimidine and similar compounds, 4-chloro-2-8-naphthylamino-6-methyl- 
pyrimidine reacted readily with bases such as @-diethylaminoethylamine on heating at 120—130°. In this 
way the following have been prepared: 2-f-naphthylamino-4-B-diethylaminoethylamino- (IX; R=H, 
R’ = [CH,],"NEt,), (IX; R =H, R’ = [CH,],‘NEt,), 2-f- 
naphthylamino-4-8-diethylaminobutylamino- (IX; R =H, R’ = [CH,],"NEt,), 2-8-naphthylamino-4-8-diethyl- 
amino-a-methylbutylamino- (IX; R=H, R’ = CHMe-(CH,],‘NEt,), and 
aminoethoxyphenylamino)-6-methylpyrimidine (IX; R = H, R’ = 


N 
H N 
| we 
H H 


(X.) (XI) 


The above compounds were most conveniently isolated for biological testing as their crystalline dihydro- 
chlorides, which are colourless and soluble in water. 

All the compounds of type (IX) exhibited antimalarial activity when tested against P. gallinaceum in 
chicks, although none was outstandingly active. Since they can be regarded as 3 : 4-disubstituted aniline 
derivatives, they are related to the compounds of this type described in Part II (loc. cit.) which were also active 
and were investigated on account of their closer similarity to riboflavin than compounds of type (II). 

For comparison with compounds of type (IX), 2-«-naphthylamino-4-8-diethylaminoethylamino-6-methyl- 
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pyrimidine (X; R =H) was prepared but was without demonstrable activity; this type was not further 
investigated. In (X; R =H) neither of the points of attachment of the second benzene nucleus in the 
naphthylamino residue corresponds to the para position of the anilino residue in the prototype (II). In order, 
therefore, to explore this relationship further, the synthesis of the corresponding 4-chloro-«-naphthylamino 
compound (X; R = Cl) was undertaken, and it was found that antimalarial activity had been largely restored. 

The above results were taken to support the belief that the mode of action of the 2-8-naphthylamino com- 
pounds of type (IX) was not fundamentally different from that of the simple anilino derivatives of type (II), 
probably involving a riboflavin antagonism. For this reason it appeared unlikely that further substitution in 
the ®-naphthylamino residue of compounds of type (IX) would lead to an increase in antimalarial activity. 
Nevertheless this elaboration appeared to offer considerable possibilities for other reasons. ais 

It was noted that in many of the examples quoted in E.P. 481,874 the fused benzene ring of the benzo- 
quinolines carried an additional substituent, particularly halogen or methoxyl, so that it appeared as if, in 
passing from the compounds of types (III) and (IV) to the corresponding benzoquinoline types (V) and (VI), 
transfer of the substituent to the additional nucleus of the latter might be important for high activity. Further, 
the formal resemblance of compounds of type (IX) to the planar formulation of compounds of type (XI) 


TABLE I, 
Antimalarial Activities. 


Activity is expressed as in Part I, The compounds were given orally. Full biological result 
will be published elsewhere, 4 


Ref, No, Formula of base. Dose, mg./kg. Activity. 
3301 IX; R =H, R’ = (CH,],"NEt, ++ 

+ to ++ 

3581 IX; R =H, R’ = [CH,],-NEt, 

3582 IX; R = H, R’ = [CH,],"NEt, 

3583 R=H, R’ = CHMe-(CH,],NEt, 

3584 IX; R =H, R’ = p-C,H,O-[CH,],‘NEt, 

IX; R = OCH,, R’ = [CH,],"NEt, 


IX; R = Br, R’ = [CH,],"NEt, 


IX; R = Br, R’ = (CH,],"NMe, 

IX; R = Br, R’ = [CH,],*NMe, 

IX; R = Br, R’ = [CH,],"NEt, 

IX; R = Br, R’ = [CH,],"-NBu’, 

IX; R = Br, R’ = [CH,],;*NMePr® 
4977 IX; R = Br, R’ = CHMe-(CH,],"NEt, 


3585 X; R=H 
3764 


80 
80 
40 
20 
80 
40 
20 
40 
20 
40 
20 
80 
40 
60 
40 
80 
40 
40 
80 
80 
40 


+ 


described in Part IV (this vol., p. 362), and the importance of the 4-substituent in the phenyl nucleus of the 
latter for antimalarial activity, suggested the introduction of substituents into the corresponding position of 
type (IX). The introduction of substituents into the 6-position of the 8-naphthylamino residue of (IX) was also 
suggested by application of the original concept (see Part I, loc. cit.) of the possible oxidation, under biological 
conditions, of the 2-anilino-4-dialkylaminoalkylamino-6-methylpyrimidine structure to give a compound of 
quinone-like character which might interfere with the function of some biological system responsible for oxygen 
or hydrogen transfer in a similar manner to the inhibitions investigated by Fildes (Lancet, 1940, i, 955). In 
compounds of type (IX) such an oxidation, if it occurred, might be expected to be facilitated by substitution 
in the 6-position of the 6-naphthylamino residue. 

By application of the same synthetic method as used for the unsubstituted 8-naphthylamino compounds we 
therefore prepared 2-(6’-bromo-8-naphthylamino)-4-B-diethylaminoethylamino-6-methylpyrimidine (IX; R = Br, 
R’ = [CH,],"NEt,) by way of (VII; R = Br) and (VIII, R = Br) and 2-(6’-methoxy-B-naphthylamino)-4-8- 
diethylaminoethylamino-6-methylpyrimidine (IX; R= OMe, R’ = [CH,],-NEt,) through (VII; R = OMe) 
and (VIII; R = OMe). The high activity of these two compounds (see Table I) naturally led to an examination 
of the effect of varying the side chain, and the $-diethylaminoethylamino residue of (IX; R= Br, R’ = 
[CH,],"NEt,) was replaced by a number of other side chains of similar type. No enhancement of activity resulted. 
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EXPERIMENTAL. 


2-B-Naphthylamino-4-hydvoxy-6-methylpyrimidine (VII; R = H).—An intimate mixture of 4-hydroxy-2-methylthio- 
6-methylpyrimidine (93-6 g.) and £-naphthylamine (280-8 g.) was stirred and heated at 130—135° for 60 hours. Methyl- 
thiol was evolved. After cooling, the solid was ground, boiled with alcohol (1 1.), filtered at 50°, and the residue washed 
thoroughly with alcohol. 2-8-Naphth lamino-4-hydroxy-6-methylpyrimidine remained as a brown crystalline powder 
(yield, 86%) which crystallised from f-ethoxyethanol (charcoal) in faintly pink needles, m. p. 244—245° (Found: C, 
71-8; H, 5-6; N, 16-4. C,,H,,ON, requires é. 71:7; H, 5-2; N, 16-7%). 

4-Chloro-2-B-naphthylamino-6-methylpyrimidine (VIII; R = H).—The above hydroxypyrimidine (50-2 g.) and phos- 
phoryl chloride (125 c.c.) were heated under reflux at 120—130° for 4 hours. Excess of phosphoryl chloride was then 
removed in a vacuum at 50—60° and the remaining solid added to ice-water. After stirring for an hour with cooling, the 
mixture was carefully basified with ammonia and extracted with ether. Removal of ether from the washed and dried 
(Na,SO,) extract left the chloropyrimidine as buff-coloured crystals (yield, 92-5) which separated from alcohol as colour- 
less thick prisms, m. p. 145—147° (Found: Cl, 12-6. C,,H,,N,Cl required Cl, 13-2%). 

2-a-Naphthylamino-4-hydroxy-6-methylpyrimidine was prepared from 4-hydroxy-2-methylthio-6-methylpyrimidine 
and a-naphthylamine by the method described above for the isomeric f-naphthylamino compound (yield, 86%). 
Crystallised from f-ethoxyethanol it had m. p. 256—257° (Found: N, 16-6. C,,H,,ON; requires N, 16-7%). 

4-Chloro-2-a-naphthylamino-6-methylpyrimidine.—A solution of the above hydroxypyrimidine (7-5 g.) in Tey mee 
chloride (20 c.c.) was placed in an oil-bath preheated to 100—110° and stirred for 15 minutes, when bright yellow needles 
separated (if the period of heating exceeded one hour the needles redissolved and an intractable product was formed). 
After cooling, the mixture was poured on ice, basified with ammonia at 0—5°, and the product extracted with ether. 
The ether extract was washed, dried (Na,SO,), and evaporated. Crystallisation of the residue from alcohol gave the 
a4 ey aaa as colourless transparent prisms, m. p. 131—132° (yield, 81%) (Found: Cl, 13-1. C,,H,,N;Cl requires 

2-(4’-Chloro-a-naphthylamino)-4-hydroxy-6-methylpyrimidine was >btained when 4-hydroxy-2-methylthio-6-methyl- 

ge (39 g.), 4-chloro-a-naphthylamine (54 g.), and B-ethoxyet.anol (75 c.c.) were refluxed with stirring in an oil- 
th at 150—160° for 48 hours. When cold, the crystals which had separated were collected and washed, first with 

B-ethoxyethanol and then with alcohol (yield, 61%). The a crystallised from f-ethoxyethanol in colourless 
needles, m. p. 298—301° (Found: N, 14:5; Cl, 128. C,,H,,ON;Cl requires N, 14:7; Cl, 12-4%). 


TaBLe II. 
2-Naphthylamino-4-aminoalkylamino-6-methylpyrimidine Dihydrochlorides. 
; Analysis. 
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4-Chloro-2-(4’-chloro-a-naphthylamino)-6-methylpyrimidine.—The above hydroxypyrimidine (40 g.) was stirred with 
phosphoryl chloride (150 c.c.) at 120—130° for Lhour. After cooling, the mixture was added to ice-water and stirred for 
ashort time. The hydrochloride, which separated, was collected, stirred with methanol (150 c.c.), cooled in ice-water, 
and made alkaline by addition of ammonia. After dilution with water (200 c.c.), the chloropyrimidine was collected, 
washed, and dried in a vacuum (yield, 90%). Itc i from acetone in long colourless needles, m. p. 170° (Found : 
N, 13-7; Cl, 22-3. C,,H,,N,Cl, requires N, 13-8; Cl, 23-3%). ‘ 

2-(6’-Bromo-B-naphthylamino)-4-hydroxy-6-methylpyrimidine (VII; R = Br).—4-Hydroxy-2-methylthio-6-methyl- 
pyrimidine (78 g.), 6-bromo-f-naphthylamine (133 g.) (Franzen and Stauble, J. pr. Chem., 1921, 101, 59) and B-ethoxy- 
ethanol (320 c.c.) were heated together at 150—160°, with stirring, for 60 hours. When cold, the — product was 
filtered and washed, first with -ethoxyethanol and then with alcohol (yield, 62%). It had m. p. 286—289°, unchanged 
by crystallisation from f-ethoxyethanol (Found : N, Br, 24:2. C,,H,,ON,Br requires N, 12-7; Br, 24-25%). It 
was soluble in aqueous sodium hydroxide. ’ 

4-Chloro-2-(6’-bromo-B-naphthylamino)-6-methylpyrimidine (VIII; R = Br).—Prepared from the above hydroxy 
compound by a method similar to that used for the 4’-chloro-a-naphthylamino analogue, but prolongin the time of 
heating to 2 hours, the compound (yield, 93%) crystallised from alcohol in pale yellow needles, m. p. 152—154° (Found : 
1 mg. = 0-962 mg. Ag halides. C,,H,,N,ClBr requires 1 mg. = 0-951 mg. Ag halides). 

6-Methox -B-naphthylamine.—6-Bromo-2-methoxynaphthalene (53.g.) (Franzen and Stauble, J. pr. Chem., 1922, 108, 
352) was heated in an autoclave with aqueous ammonia (d. 0-880, 162-5 c.c.), alcohol (75c.c.) and copper powder (1 g.) 
at 160—170° for 10 hours. The volatile constituents of the resulting mixture were removed with steam and the granular 
Tesidue collected and dissolved in dilute hydrochloric acid, and the solution treated with decolourising carbon and filtered. 
Addition of sodium chloride to the filtrate precipitated the hydrochloride, which was filtered off, redissolved in hot water, 
and the solution made alkaline with sodium hydroxide. The precipitated base was collected, washed well with water, 
and dried (yield, 65%). Crystallised from methanol it had m. p. 150° (Found: C, 76-0; H, 6-1; N, 8-2. Calc. for 
C,,H,,ON : C, 76-3; H, 6-4; N,8-1%). Windaus (Ber., 1924, 57, 1731) gives m. p. 139—140°; F.P. 646,576 tg m. p. 
156—157°. The acetyl derivative separated from aqueous alcohol, m. p. 165—166° (Found : C, 72-7; H, 6-0. Calc. 
for C\sH,30,N : C, 726; H, 61%). Windaus (loc. cit.) gives m. p. 159—160°. 
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2-(6’-Methoxy-B-naphthylamino)-4-hydroxy-6-methylpyrimidine (VII; R = OMe) was obtained by using 6-methoxy-f- 
naphthylamine in the same manner as the 6-bromo-f-naphthylamino analogue (yield, 77%). After crystallisation from 
f-ethoxyethanol it had m. p. 238—239° (Found: N, 14:1. C,,H,,0,N, requires N, 149%). It dissolved in aqueous 
B-naphthylamino)-6-methylpyrimidine (VIII; R = OMe), prepared from the hydro d 

4-Chloro-2-(6’-methoxy-B-naphthylamino)- yipyrimidine ; R = OMe), prep om the hydroxypyrimidine 
by the method described above for the 4-chloro-a-naphthylamino analogue (yield, 92%), crystallised from alcohol in 

ost colourless prisms, m. p. 148—150° (Found: Cl, 12-1. C,,H,,ON;Cl requires Cl, 11-9%). 

Condensation of 4-Chloro-2-naphthylamino-6-methylpyrimidines with Aminoalkylamines.—These reactions proceeded 
smoothly, giving good yields, when the chloropyrimidines (1 mol.) were heated with the appropriate aminoalkylamine 
(1:25 mols.) at 120—130° for 6—10 hours. The basified (NaOH) melts were extracted with ether or chloroform, from 
which the products were extracted with 5% acetic acid, isolation usually being carried out by making alkaline with sodium 
hydroxide and re-extracting with ether or chloroform. The bases were generally oils but formed crystalline dihydro- 
chlorides, details of which are given in Table II. 


IMPERIAL CHEMICAL INDUSTRIES, LIMITED, RESEARCH LABORATORIES, 
BLACKLEY, MANCHESTER, 9. [Received, June 6th, 1945.] 
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73. Synthetic Antimalarials. Part VI. Some 4-Arylamino-2-aminoalkylamino- 
6-methyl pyrimidines. 
By F. H. S. Curp, (Miss) M, I. D. vis, E. C. Owrn, F. L. Rosz, and G. A. P. Tury. 


The investigation of pyrimidine derivatives carrying aminoalkylamino side chains as antimalarials (Parts 
I—V, this vol., pp. 343—366) has been extended to include a number of 4-arylamino-2-aminoalkyl- 
amino-6-methylpyrimidines. Both the arylamino and aminoalkylamino groups have been varied. 

The structure of these compounds is discussed in connection with certain hypotheses which attempt to 
relate chemical constitution and antimalarial activity. 

Most of the compounds were made by condensation of 4-hydroxy-2-methylthio-6-methylpyrimidine with 
an aminoalkylamine to give a 2-aminoalkylamino-4-hydroxy-6-methylpyrimidine, followed by replacement of 
hydroxyl by chlorine and condensation with an arylamine. 4-p-Chloroanilino-2-aminoalkylamino-6-methyl- 
pyrimidines were made also by condensing 2-chlovo-4-p-chloroanilino-6-methylpyrimidine with an aminoalkyl- 
amine at the last stage. The 2-chloro-4-p-chloroanilino-6-methylpyrimidine was synthesised from 4-chloro- 
2-methylthio-6-methylpyrimidine by condensation with -chloroaniline, desulphurisation of the resulting 
4-p-chloroanilino+2-methylthio-6-methylpyrimidine to the corresponding 2-hydroxy compound, and replacement 
of hydroxyl by chlorine. 

Some of the compounds showed high antimalarial activity against P. gallinaceum in chicks. 


FoLLowinc the discovery of antimalarial activity in compounds of the type (I; R = Cl, OMe, R’ = [CH,],"N(di- 
alkyl),) (Part I, Curd and Rose, this vol., p. 343) it was of obvious importance to examine compounds of the 
two possible isomeric structures (II) and (III). In this paper an account is given of the preliminary work 
carried out on compounds of type (II) in which the positions of the substituted anilino and aminoalkylamino 
residues in (I) are interchanged. 


NHR’ NHR’ NHR’ 

(I.) (II). (III.) 


The formal resemblance to riboflavin exhibited by compounds of type (I) is shared by substances of 
type (II), and since the type (I) can function as riboflavin antagonists (Madinaveitia, Biochem. J., in the 
press) it was anticipated that type (II) would behave similarly. Therefore, on the basis of the hypothesis 
that the antimalarial activity of type (I) is dependent on a riboflavin antagonism (see Curd, Davey, and 
Rose, Ann. Trop. Med. Parasit., in the press), it seemed likely that compounds of type (II) might also display 
antimalarial properties. : 

The hypothesis of Schénhéfer (Z. physiol. Chem., 1942, 274, 1) relating antimalarial activity to the 
possibility of the formation of a p-quinonoid structure in the molecule was confined to quinoline and acridine 
derivatives, but on the basis of our work on compounds of type (I) (Part I, Joc. cit.) it appeared as if it might 
also be applicable to pyrimidine derivatives provided that other structural requirements were satisfied. 

The inactivity of 2-aminoalkylamino-6-methoxyquinolines (Sehénhéfer, loc. cit.; Magidson and Rubtsov, 
J. Gen. Chem. Russ., 1937, 7, 1896) would appear to exclude o-quinonoid tautomerism from any significance 
as regards antimalarial activity. It has, however, been suggested in Part V (Curd, Raison, and Rose, this 
vol., p. 366) that the activity of the 4-dialkylaminoalkylamino-6-methoxyquinolines is due to their structural 
relationship to mepacrine and that they may act in the same way, possibly by interference with some 
riboflavin-containing enzyme essential to the malaria parasites. On structural grounds it is difficult to see 
how the isomeric 2-dialkylaminoalkylamino compounds can act in this way, and it is therefore conceivable 
that their inactivity may be due to inability to function as riboflavin antagonists rather than to the fact 
that tautomerism to give a p-quinonoid structure is not possible 
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Compounds of type (II) are likewise incapable of exhibiting the p-quinonoid type of tautomerism, the 
aminoalkylamino group not being in the para position to either of the heterocyclic nitrogen atoms, and this 
circumstance appeared to offer an excellent opportunity of examining the scope, if not the validity, of the 
Schénhéfer hypothesis. It seemed possible, for instance, that for antimalarial activity in quinoline, acridine, 
and pyrimidine derivatives the Schénhéfer requirements had to be met in addition to a formal resemblance 
to riboflavin. 

Preliminary experiments having shown that the replacement of one of the two chlorine atoms in 2 : 4-di- 
chloro-6-methylpyrimidine by either arylamino or aminoalkylamino groups led to mixtures of isomers, the 
separation of which was difficult, a method of synthesis was sought which would obviate this. Such a 
method, which is illustrated schematically below, was suggested by the work of Johnson and Mackenzie 
(Amer. Chem. J., 1909, 42, 353) who reported that methylamine condensed with 4-hydroxy-2-methylthio- 
6-methylpyrimidine (IV) to give 2-methylamino-4-hydroxy-6-methylpyrimidine (V; R = Me) which was 
converted into 4-chloro-2-methylamino-6-methylpyrimidine (VI; R = Me) by the action of phosphoryl 
chloride. When (IV) was heated with 6-diethylaminoethylamine at 160—170° a rapid evolution of methyl- 
thiol occurred which was complete in about 2 hours and left 2-8-diethylaminoethylamino-4-hydroxy-6-methyl- 
pyrimidine (V; R = [CH,],*NEt,) as a colourless resin, easily soluble in water, which was characterised as its 
dipicrate. Short refluxing with phosphoryl chloride was sufficient to convert (V; R = [CH,],‘NEt,) into 
4-chloro-2-8-diethylaminoethylamino-6-methylpyrimidine (VI; R = [CH,],"NEt,) which was purified by high 
vacuum distillation. This compound, like the others of this type described below, was stable in presence of 
water, either neutral or alkaline, but decomposed fairly rapidly under acid conditions, presumably owing to 
activation of the chlorine atom in a manner analogous to that suggested by Banks (J. Amer. Chem. Soc., 1944, 
66, 1127, 1131). 

(VI; R= ([CH,],-NEt,) condensed with -chloroaniline hydrochloride (one molecular proportion) in 
presence of p-chloroaniline (excess) at 160—170° to give directly 4-p-chloroanilino-2-8-diethylaminoethylamino- 
6-methylpyrimidine dihydrochloride (II; R = Cl, R’ = [CH,],‘NEt,). This was separated from unchanged 
starting materials by repeated extraction with benzene and purified by crystallisation som methanol, a 
procedure designed in order to facilitate isolation directly as a dihydrochloride. 


SMe NHR NHR 

N“\N N/“\N 
onl —> onl Je —> ch > 

(IV.) (V.) (V1.) 


After some of the compounds described below had been prepared it was discovered that the condensation 
of compounds of type (VI) with arylamine hydrochlorides proceeded rapidly in boiling water or aqueous 
acetone, a little free hydrochloric acid usually being added as a catalyst. The products often crystallised 
from the reaction mixture as their dihydrochlorides in an almost pure condition. The corresponding bases 
(not always isolated) were either colourless viscous oils or solids of fairly low m. p, Using this method (VI; 

= [CH,],"NEt,) was condensed with aniline and a number of substituted anilines to provide a series of 
compounds (II) having different substituents in the anilino residue. The following were used: aniline, 
p-toluidine, p-anisidine, p-cyanoaniline, p-nitroaniline, and 3 : 4-dichloroaniline. 

The second part of our original plan for the investigation of compounds of type (II) was to examine the 
effect of varying the aminoalkylamino side chain in position 2 while having a p-chloroanilino group in position 4, 
The p-chloroanilino group was selected because our previous work on compounds of type (I) (Part I, loc. cit.; 
Part II, Curd, Davis, and Rose, this vol., p. 351) had indicated that highest antimalarial activity was obtained 
with the chlorine substituent and it was anticipated that, if both types of compound acted by a common 
mechanism, the effects of different substituents would probably be roughly parallel in the two series. 

Utilising the method of synthesis outlined above the following 6-methylpyrimidines were therefore 

as their dihydrochlorides: 4-p-chloroanilino-2-y-diethylaminopropylamino- (Il; R=Cl, R’ = 
(CH,],"NEt,) through the intermediate stages (V; R = [(CH,]5" NEt,) and (VI; R = [(CH,)],‘NEt,); 4-p- 
chloroanilino-2-y-dimethylaminopropylamino- R = Cl, R’=[CH,],"NMe,) through (V; R =[CH,],*NMe,) 
and (VI; R = [CH,],‘NMe,); (Il; R= Cl, R’ = 
[CH,],;-NBu*,) through (V; R = [CH,],‘NBu*,), and (VI; R = [CH,],*NBu*,); 4-p-chloroanilino-2-8- 
diethylaminobutylamino- (II; R = Cl, R’ = [CH,],‘NEt,) through (V; R = [(CH,],"NEt,) and (VI; R= 
[CH,],"NEt,) ; and 4-p-chloroanilino-2-8-diethylamino-a-methylbutylamino- (II; R= Cl, R’ = CHMe-[CH,],"NEt,) 
through (V; R = CHMe-[CH,],"NEt,) and (VI; R = CHMe-(CH,],‘NEt,). In addition to the above 
dialkylaminoalkylamino compounds we also prepared 4-p-chloroanilino-2-y-piperidinopropylamino-6- 
methylpyrimidine (II; R = Cl, R’=[CH,],‘N <[CH,], >CH,), through (V; R = [CH,],"N< [CH,],>CH,) and 
(VI; R = (CH,],‘N <[CH,], >CH,) and -6-methylpyrimidine (II; 
R = Cl, R’ = [CH,],-NHBu*) through (V; = [CH,],“NHBu®*) and (VI; R = [CH,],"NHBu’*). 

The results of antimalarial tests (see tale) on these compounds tnilicated that the effect of variations of 
the basic side chain was entirely different from that which had obtained in the isomeric series (I) and that 
further variations would be desirable. For this purpose an alternative method of synthesis, involving only 
one new stage in each case, was investigated. 
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Johnson, Johns, and Heyl (Amer. Chem. J., 1906, 36, 177) condensed 4-chloro-2-methylthiopyrimidine 


with arylamines (¢.g., with p-toluidine to give 4-p-toluidino-2-methylthiopyrimidine which was hydrolysed 
with hydrochloric acid to 4-p-toluidino-2-hydroxypyrimidine). The corresponding reaction of 4-chloro- 
2-methylthio-6-methylpyrimidine (VIII) with p-chloroaniline and desulphurisation of the product was there- 
fore tried. The condensation of (VIII) and p-chloroaniline to give (IX) took place either at 120° in acetic 
acid or in boiling aqueous acetone in presence of a catalytic amount of hydrochloric acid. Hydrolysis of (IX) 
to 4-p-chloroanilino-2-hydroxy-6-methylpyrimidine could not be easily accomplished by boiling with hydro- 
chloric acid, but with 48% hydrobromic acid desulphurisation proceeded smoothly and the hydrolysis product 
(X) was isolated in good yield. 

The same compound was also obtained by condensing 2-hydroxy-4-methylthio-6-methylpyrimidine (XI) 
(Wheeler and McFarland, Amer. Chem. J., 1909, 42, 421) with p-chloroaniline at 120—130°, thus providing 
confirmatory evidence that the effect of the hydrobromic acid treatment of (IX) had been limited to the 
methylthio group. Treatment of (X) with phosphoryl chloride converted it into the corresponding chloro 
compound (XII) from which the following were again prepared by condensation with the appropriate amino- 
alkylamines; (II; R=Cl, R’ = [CH,],‘NEt,), (II; R=Cl, R’ = [CH,],-NEt,), (II; R=Cl, R’ = 
[CH,],"NHBu*), and (II; R = Cl, R’ = [CH,],-NBu%,), all of which were isolated as their dihydrochlorides. 
The products were identical with those prepared by the original method. 


SM 
(VIII.) (TX.) (X.) 
Cl NHR 
(XI.) (XII.) (XIII.) 


This method, which was an exact parallel to that used in Parts I and II (loc. cit.) for the preparation of the 
isomeric 2-arylamino-4-aminoalkylamino-6-methylpyrimidines, was then employed for the preparation of 
the following 6-methylpyrimidines: 4-p-chloroanilino-2-y-dimethylaminobutylamino- (II; R=Cl, R’ = 
[CH,],"NMe,), (dihydrochloride) (II; R = Cl, R’=[CH,],"NBu*,), 
4-p-chloroanilino-2-methylisopropylaminopropylamino- (dihydrochloride) (II; R = Cl, R’ = [CH,],*"NMePr*) 
and 4-p-chloroanilino-2-3-diamylaminopropylamino- (dihydrochloride) (II; R = Cl, R’ = (CH,],*N(C,;H,,°),)- 

In view of the high activity exhibited by 2-(6’-bromo-$-naphthylamino)-4-8-diethylaminoethylamino-6- 
methylpyrimidine against P. gallinaceum in chicks (see Part V, loc. cit.) it was thought advisable to include 
in this initial study of compounds of type (II) a number of substances of the general formula (XIII). By 
condensation of 6-bromo-$-naphthylamine with the appropriate variant of (VI) the following 6-methy]l- 
pyrimidines were obtained as dihydrochlorides: 
(XIII; R= ([CH,],"NEt,), (XIII; R= 
[CH,],*NEt,), (XIII; R = [CH,],*NBu®,), 4-(6’- 
(XIII; R=CHMe-(CH,],-NEt,), 4-(6’-bromo- 
(XIII; R = [CH,],;-N<[CH,],>CH,) and 4-(6’-bromo-8- 
naphthylamino)-2-y-n-butylaminopropylamino- (XIII; R = [CH,],;-NHBu’). 


Antimalarial activities. 


The tests referred to were carried out against P. gallinaceum in chicks and the method of expressing 
antimalarial activity is the same as that used in Part I. Full biological results will be published elsewhere. 


N Me 
(a) Compounds of the type 
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Ref. Dose, Ref. Dose, 
No. Nature of R. mg./kg. Activity. No. Nature of R. mg./kg. Activity. 
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Me 
N: 
(b) Compounds of the type RC : 
N 


NH-(CH,],"NEt, 120 


4508 
NH-[CH,];"N <[CH,],>CH, 
NH-(CH,],"NBu2, 


+4 


NH-(CH,],-NEt, 


++ 

++ 


! 
NH-(CH,],"NMe, 


NH-[CH,],;"NMePré 
NH-(CH,],"NMe, ? 


++ 


NH-[CH,],"NEt, 
NH[CH,],"NEt, 
NH-(CH,],“NBu%, 


NH-CHMe-[CH,],"NEt, 
NH-[CH,],"N <[CH,],>CH, 


SSsssss 
+ 


1 Dihydrobromide. 2 Base. 


EXPERIMENTAL. 


methylpyrimidine (31-2 g.) was heated with f-diethylaminoethylamine (23-2 g.) at 160—180° for 3 hours leaving the 


product as a nearly colourless resin which could not be induced to crystallise. The corresponding wt crystallised 


from f-ethoxyethanol in yellow laminz, m. p. 178—180° (Found: C, 40-0; H, 3-8; N, 20-1. C,,HON,,2C,H,O,N, 
requires C, 40-5; H, 3-8; N, 20-5%). 

4-Chloro-2-B-diethylaminoethylamino-6-methylpyrimidine (VI; R = [(CH,],"NEt,).—The above hydroxy compound 
(44-8 g.) and phosphoryl chloride (100 c.c.) were boiled for 5 minutes and the cooled reaction mixture poured on ice. 
The resulting solution was made alkaline with sodium hydroxide and the precipitated oil extracted with benzene. The 
benzene solution was washed once with water and then extracted twice with 5% acetic acid. The combined extracts 
were immediately made alkaline with sodium hydroxide and the product again taken into benzene. After i 
over solid sodium hydroxide and removing the solvent the residual oil was distilled, giving 4-chloro-2-8-diethylamino- 
ethylamino-6-methylpyrimidine as a colourless oil, b. p. 140°/0-1 mm., which solidified on standing to colourless needles, 
m. p. 33° (yield, 59%) (Found: Cl, 14-6. C,,H,,N,Cl requires Cl, 14-6%). The dipicrate, prepared in methanol 
solution, formed yellow prisms from f-ethoxyethanol, m. PB. 158—159° (Found: C, 39-7; H, 4:2; N, 19-7; Cl, 4:8. 
C,,H,,N,Cl,2C,H,O,N, requires C, 39-4; H, 3-6; N, 20-0; Cl, 5-1%). peu 

4-p-Chloroanilino-2-methylthio-6-methylpyrimidine (IX).—(a) 4-Chloro-2-methylthio-6-methylpyrimidine (13 g.) 
(Wheeler and McFarland, Amer. Chem. J., 1909, 42, 431), p-chloroaniline (9-6 g.), and glacial acetic acid (100 c.c.) were 
mixed, 7 drops of concentrated hydrochloric atid added, and the mixture heated on the steam-bath for $ hr. After 
cooling, the crystals which had been deposited were filtered off, suspended in alcohol, and treated with ammonia. 
Addition of water precipitated the product, which was filtered off, washed with water, and crystallised from alcohol. 
(yield, 15-2 g.) formed colourless rhombic prisms, m. p. 171—172° 
(Found: C, 54-0; H, 4-5; S, 12-5. 2H,,N,CIS requires C, 54-25; H, 4-5; S, 12-1%). The picrate from 
B-ethoxyethanol, m. p. 226° (Found : N, 16-6; Cl, 7-8. C,H ,N,CIS,C,H,O,N, requires N, 17-0; Cl, 7-2%). 

(b) 4-Chloro-2-methylthio-6-methylpyrimidine (8-7 g.), p-chloroaniline (6-4 g.), water (40 c.c.), and acetone (10 c.c.) 
were mixed, 10N-hydrochloric acid (0-5 c.c.) added, and the mixture refluxed for 1 hour. After cooling, the solid which 
had separated was filtered off and washed with water. It was then suspended in alcohol, made alkaline with ammonia, 
and the mixture diluted with water. Crystallisation of the resulting product from alcohol gave the same compound 
as (a) above, m. p. and mixed m. p. 170—172°. 

4-p-Chloroanilino-2-hydroxy-6-methylpyrimidine (X).—(a) 2-Hydroxy-4-methylthio-6-methylpyrimidine (15-6 g.) and 
p-chloroaniline (37-5 g.) were heated at 160—170° for 3 hours. Methylthiol was evolved and, after cooling, the solid 
melt was ground, boiled with alcohol, and filtered. After refluxing with f-ethoxyethanol, the product (20 a2 was 
ch ii a white crystalline powder, m. p. >330° (Found: N, 18-3; Cl, 15-0. C,,H,ON,Cl requires N, 17-8; 

(b) 4-p-Chloroanilino-2-methylthio-6-methylpyrimidine (36 g.) and 48% Rptestuente acid (360 c.c.) were refluxed 
for 24 hours. The resulting clear solution was diluted with water, made ine with ammonia, and the precipitated 
product filtered off. For purification it was dissolved in aqueous-alcoholic sodium hydroxide, and the solution filtered 
and acidified with acetic acid. 4-p-Chloroanilino-2-hydroxy-6-methylpyrimidine was thus obtained as colourless 
prisms, which were filtered off, washed with water, and dried at 100° (yield, 30 g.), m. > >330° (Found : Cl, 15-0%). 

cate ee ee (XII).—The above hydroxy compound (32 g.) and phosphoryl chloride 
(75 c.c.) were refluxed for 3 hours. e resulting mixture was poured on ice with stirring and, after the ice had melted, 
made alkaline with ammonia. The solid was filtered off, suspended in alcohol, ammonia added until alkaline, and the 
resulting solution poured into water. The product separated as an oil which soon crystallised. It was filtered off, 
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pyrimidine as colourless tables, m. p. 97° (Found: C, 61-1; H, 7:3; Cl, 10-7. C,,H,,N,Cl requires C, 61-2; H, 7-2; 
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dried, and crystallised from methanol giving 2-chloro-4-p-chloroanilino-6-methylpyrimidine as colourless thick prisms, 
m. p. 136—137° (yield, 19-4 g.) (Found: C, 52-2; H, 3-5; N, 16-5. C,,H,N,Cl, requires C, 52-0; H, 3-5; N, 16-5%). 

4-p-Chloroanilino-2-B-diethylaminoethylamino-6-methylpyrimidine (II; R= Cl, R’ = [(CH,],“NEt,).—(a) 4-Chloro- 
2-B-diethylaminoethylamino-6-methylpyrimidine (4-85 g.), p-chloroaniline (7-68 g.), and -chloraniline hydrochloride 
(3-3 g.) were mixed and heated at 175—185° for 2 hours. After cooling, benzene (50 c.c.) was added and the mixture 
stirred well to dissolve excess of p-chloroaniline. The undissolved material was filtered off, washed with hot benzene, 
and dried. It was then dissolved in water (30 c.c.), sodium acetate (1 g.) and acetic acid (1 c.c.) added, and the solution 
boiled for a short time with Neo charcoal. After filtering and cooling, the filtrate was salted out with sodium 
chloride. The crystalline precipitate of 4-p-chloroanilino-2-B-diethylaminoethylamino-6-methylpyrimidine dihydrochloride 
(3883) was filtered off. It crystallised from methanol as colourless cubes, m. p. 265—267° (yield; 3-0 g.) (Found: 
6-6; N, 16-7; Cl, 24-8; Cl’, 16-7. requires C, 47-1; H, 6-7; N, 16-2; Cl, 24-6; 

’, 16-4%). . 

(b) 4-Chloro-2-8-diethylaminoethylamino-6-methylpyrimidine (18-3 g.), p-chloroaniline (9-6 g.), water (75 c.c.) and 
10N-hydrochloric acid (7-5 c.c.) were refluxed for 1 hour. The reaction mixture was then cooled, made alkaline with 
sodium hydroxide, and extracted with chloroform. The chloroform solution was shaken several times with 5% acetic 
acid, the combined acetic acid extracts made alkaline with sodium hydroxide, and the base taken into chloroform. 
After drying (K,CO,) and removal of the solvent the residual oil was distilled in a vacuum, b. p. 193—200°/0-65 mm. 
It then crystallised from light petroleum (b. p. 80—100°), giving 4-p-chloroanilino-2-B-diethylaminoethylamino-6-methyl- 


Cl, 106%). The dipicrate crystallised from f-ethoxyethanol as flat yellow prisms, m. p. 227—-228° (Found: C, 43-6; 
H, 3-8; N, 19-8; Cl, 4-8. C,,H,,N,Cl,2C,H,O,N, requires C, 44-0; H, 3-8; N, 19-5; Cl, 45%). 

(c) 2-Chloro-4-p-chloroanilino-6-methylpyrimidine (12-7 g.) and f-diethylaminoethylamine (7-2 g.) were mixed and 
heated at 120—130° for 8 hours. The cooled reaction mixture was dissolved in dilute hydrochloric acid, made alkaline 
with sodium hydroxide, and worked up as described under (b) above. ‘The resulting crude base was dissolved in hot 
2n-hydrochloric acid. On cooling, the dihydrochloride crystallised out and was filtered off and dried. It crystallised 
from alcohol as colourless needles, m. p. 266—268° either alone or admixed with material made by method (a) (Found: 
C, 48-6; H, 6-5; N, 16-5; Cl’, 17-2. C,,H,,N,Cl,2HC1,H,O requires C, 48-0; H, 6-6; N, 16-5; Cl’, 16-8%). 

4-p-Toluidino-2-B-diethylaminoethylamino-6-methylpyrimidine (II; R = Me, R’ = [CH,],"NEt,).—(a) mixture of 
4-chloro-2-8-diethylaminoethylamino-6-methylpyrimidine (4-85 g.), p-toluidine (6-42 g.), and p-toluidine hydrochloride 
(2-87 g.) was heated at 180—190° for 1} hours. The cooled reaction mixture was triturated with benzene, and the 
insoluble material filtered off and dried. Crystallisation from methanol and then from pentanol gave 4-p-toluidino- 
2-B-diethylaminoethylamino-6-methylpyrimidine dihydrochloride (3885) as colourless prisms, m. p. 236—238° (Found: 
C, 54-0; H, 7-5; N, 17-0; Cl’, 18-3. C,,H,,N,,2HCl,H,O requires C, 53-5; H, 7:7; N, 17-3; Cl’, 17-6%). . 

(b) 4-Chloro-2-8-diethylaminoethylamino-6-methylpyrimidine (3-0 g.), p-toluidine (1-35 g.), water (15 c.c.), and 
10n-hydrochloric acid (1-25 c.c.) were refluxed for 1 hour. The reaction mixture was cooled, made alkaline with sodium 
hydroxide, and extracted with chloroform. The chloroform extract was extracted several times with 5% acetic acid, 
the acid extracts combined, and sodium hydroxide added. The liberated base, isolated with chloroform, crystallised 
from as prisms, m. p. 66—68° (Found: C, 68-6; H, 8-5; N, 22-0. 
requires C, 69-0; H, 8-6; N, 22-4%). e dipicrate crystallised from f-ethoxyethanol as yellow prisms, m. p. 191—193 
(Found : C, 47-3; H, 4-4; N, 19d C,,H,,N 5,2C,H,O,N, requires C, 46-7; H, 4-3; N, 20-0%). 

4-p-A nisidino-2-B-diethylaminoethylamino-6-methylpyrimidine (II; R = OMe, R’ = 
ethylaminoethylamino-6-methylpyrimidine (4-85 g.), — (7-38 g.), and p-anisidine hydrochloride (3-19 g.) were 
heated at 160—170° for 2 hours and worked up wit mzene as described above. Crystallisation of the resulting crude 
product from m-propanol gave 4-p-anisidino-2-B-diethylaminoethylamino-6-methylpyrimidine dihydrochloride (3886) as 
colourless needles, m. p. 216—218° (Found: C, 49-3; H, 7-4; N. 16-4; Cl’, 16:9. C,,H,,ON,,2HCI,2H,O requires C, 
49-3; H, 7-5; N, 16-0; Cl’, 16-2%). The dipicrate formed thick a rectangular prisms from f-ethoxyethanol, 
m. p. 180° (Found : C, 45-6; H, 4-2; N, 19-2. C,,H,,ON,;,2C,H,O,N, +. C, 45-75; H, 4:2; N, 19-6%). 

4-A nilino-2-B-diethylaminoethylamino-6-methylpyrimidine (II ; R = H, R’ = [CH,],"NEt,).—In an analogous manner 
4-chloro-2-8-diethylaminoethylamino-6-methylpyrimidine (4-85 g.), aniline (5-58 g.), and aniline hydrochloride (2-59 g.) 
gave 4-antlino-2-B-diethylaminoethylamino-6-methylpyrimidine dihydrochloride (3888) as colourless thick prisms (from 
methanol), m. p. 238° (Found: C, 50-0; H, 7-5; N, 17-1; Cl’, 17-6. C,,H,,N,,2HC1,2H,O requires C, 50-0; H, 7-6; 
N, 17-2; Cl’, 17-4%). The monopicrate monohydrochloride prepared from the dihydrochloride with picric acid in methanol 
solution crystallised from B-ethoxyethanol as flat yellow prisms, m. p. 228° (Found: C, 48-9; H, 4-9; N, 19-7; Cl, 6-1. 
C,,H,,N,,HC1,C,H,O,N, requires C, 48-9; H, 5:1; N, 19-8; Cl, 6-3%). 

4-(3’ 4’-Dichloroanilino)-2-B-diethylaminoethylamino-6-methylpyrimidine.—The in a 
similar manner from 4-chloro-2-8-diethylaminoethylamino-6-methylpyrimidine (4-0 g.), 3: 4-dichlo: iline (5-35 g.), 
and 3 : 4-dichloroaniline hydrochloride (3-28 g.) crystallised from methanol as colourless prisms, m. p. 260—261° (Found: 
C, 44-9; H, 5-7; N, 15-8; Cl’, 15-6. C,,H,,N,Cl,,2HCI,H,O requires C, 44-4; H, 5-9; N, 15-3; Cl’, 15-5%). The 
dipicrate separated from f-ethoxyethanol as flat yellow prisms, m. p. 218—219° (Found: C, 42-1; H, 3-7; N, 187. — 
C,,H,3N ,;Cl,,2C,H,O,N, requires C, 42-1; H, 3-5; N, 18-7%). 

4-p-Cyanoanilino-2-B-diethylaminoethylamino-6-methylpyrimidine (4346) (II; KR = CN, R’ = [CH,],*NEt,).—4-Chloro- 
2-B-diethylaminoethylamino-6-methylpyrimidine (3-9 g.), p-cyanoaniline (3-8 g.), and p-cyanoaniline hydrochloride 
(2-5 g.) were mixed and heated at 175° for 1 hour. After cooling, the reaction mixture was boiled with benzene (25 c.c. 
and the solid product filtered off. After three further similar treatments with boiling benzene the solid was crystalli 
from methanol. It formed colourless prisms, m. p. 307—308° (yield, 1-9 g.) (Found: C, 53-5; H, 6-4; N, 20-9; Cl, 17-2. 
C,,H,,N,,2HC1,0-5H,O requires C, 53-2; H, 6-5; N, 20-2; Cl, 17-1%). 

4-p-Nitroanilino-2-B-diethylaminoethylamino-6-methylpyrimidine (11; R = NO,, R’ = (CH,],*NEt,).—(a) 4-Chloro- 
2--diethylaminoethylamino-6-methylpyrimidine (7-3 g.), p-nitroaniline (13-4 g.), and -nitroaniline hydrochloride 
(5-1 g.) were mixed and heated at 185° for 3 hours. Repeated extraction of the reaction mixture with hot benzene left 
a solid which was crystallised from water. 4-p-Nitroanilino-2-B-diethylaminoethylamino-6-methylpyrimidine dihydro- 
chloride (4317) was thereby obtained as yellowish needles, m. p. 293° (decomp.) (Found: C, 48-7; H, 6-2; N, 19-4; 
Cl’, 16-9. C,,H,,0O,N,;2HCI requires C, 48-9; H, 6-2; N, 20-1; Cl’, 17-0%). ° 

(b) 4-Chloro-2-f-diethylaminoethylamino-6-methylpyrimidine (8-1 g.), p-nitroaniline (4-6 g.), water (40 c.c.), and 
10n-hydrochloric acid (3-3 c.c.) were refluxed for 2 hours and the product worked up as described above for the cor- 
responding p-toluidino compound (miethod (b)). The base was thereby obtained as yellow prisms from benzene, m. p. 
161—162° — 7:7 g.) (Found: C, 59-7; H, 7-1; N, 24:2. C,,H,O,N, requires C, 59-3; H, 7-0; N, 74%) 

2-y-Diethylaminopropylamino-4-hydroxy-6-methylpyrimidine (V; R = 
peg ee ome (7-8 g.) and y-diethylaminopropylamine (6-5 g.) were heated at 160—180° for 3 hours. Methylthiol 
was evolved and the product remained as a colourless, extremely viscous oil, soluble in water and the usual organic 
solvents. It could not be obtained crystalline and was therefore characterised as its dipicrate which separated from 
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p-ethoxyethanol m. p. 211—212° (Found: C, 41-8; H, 4-2; N, 19-7. C,H sON,,2C,H,O,N, requires 
C, 41-3; H, 4-0; N, 20-1%). 

(VI; R = [CH,],"NEt,).—The above hydroxypyrimidine 
(11-9 g.) and phosphoryl chloride (25 c.c.) were gradually heated to boiling when a brisk reaction set in, the hydroxy 
compound passing into solution. Refluxing was continued for 5 minutes. The reaction mixture was then rapidly 
cooled and poured on ice. The resulting deep yellow solution was made alkaline with sodium hydroxide. The oil 
thereby precipitated was taken .up in benzene, and the benzene solution washed with water and then extracted with 
5% acetic acid. The combined acetic acid extracts were immediately made alkaline with sodium hydroxide, the 
precipitated product extracted with chloroform, and the dried (Na,SO,) extract evaporated. The oil was purified by 
distillation giving 4-chlovo-2-y-diethylaminopropylamino-6-methylpyrimidine (yield, 78%), b. p. 142°/0-05 mm. (Found : 
Cl, 13-2. C,,H,,N,Cl requires Cl, 13-8%). The dipicrate crystallised from .f-ethoxyethanol as yellow prisms, m. & 
al (Found : C, 41-1; H, 4-1; N, 19-2; Cl, 4:5. C,,H,,N,Cl,2C,H,O,N, requires C, 40-3; H, 3-8; N, 19-6; Cl, 
50% . 

4-p-Chloroanilino-2-y-diethylaminopropylamino-6-methylpyrimidine (II; R = Cl, R’ = [CH,],*NEt,).—(a) 4-Chloro- 
2-y-diethylaminopropylamino-6-methylpyrimidine (5-2 8), p-chloroaniline (7-68 g.), and p-chloroaniline hydrochloride 
(3:3 g.) were mixed and heated at 165—170° (oil-bath) for 2 hours. The product was worked up as described above 
for the corresponding preparation of 4-p-chloroanilino-2-8-diethylaminoethylamino-6-methylpyrimidine dihydrochloride. 
Crystallised from methanol-ethyl acetate, 4-p-chloroanilino-2-y-diethylaminopropylamino-6-methylpyrimidine dihydro- 
chloride on formed long colourless prisms, m. p. 269—271° (Found: C, 47-7; H, 6-7; N, 15-6; Cl’, 16-2. 
C,,H,,.N,Cl,2HC1,2H,O requires C, 47-4; H, 7-0; N, 15:3; Cl’, 15-6%). Addition of picric acid to its solution in 
methanol gave a monopicrate monohydrochloride which separated from f-ethoxyethanol as flat yellow prisms, m. p. 
(Found: C, 47-2; H, 4-6; N, 17-7; Cl, 12-1. requires C, 47-0; H, 4-9; N, 18-25; 
AP 

(b) 4-Chloro-2-y-diethylaminopropylamino-6-methylpyrimidine (6-4 g.), p-chloroaniline (3-2 g.), water (25 c.c.), and 
10n-hydrochloric acid (2-5 c.c.) were refluxed for 1 hour. The product which separated on cooling was filtered off, 
dried, and crystallised from alcohol-ethyl acetate giving 4-p-chloroanilino-2-y-diethylaminopropylamino-6-methyl- 
pyrimidine dihydrochloride (yield, 7-7 g.), m. P. 268—270° undepressed by material made by method (a). The “an 
crystallised from B-ethoxyethanol as thick yellow prisms, m. p. 213—214° (Found: C, 44-4; H, 41; N, 18-7; Cl, 4-9. 
requires C, 44-7; H, 4-0; N, 19-1; Cl, 44%). 

(c) 2-Chloro-4-p-chloroanilino-6-methylpyrimidine (5 g.) and y-diethylaminopropylamine (3-2 g.) were heated at 
120—130° (oil-bath) for 8 hours. The cooled mixture was dissolved in warm dilute hydrochloric acid, and the 
solution filtered from a small amount of insoluble matter, cooled, and made alkaline with sodium hydroxide. The 
liberated base was taken into chloroform and the solution extracted with 5% acetic acid. The acid extract was made 
alkaline with sodium hydroxide and the base again extracted with chloroform. After removal of the solvent the base 
was converted into the dihydrochloride by dissolving in hot 2n-hydrochloric acid, cooling, collecting, and drying. It 
oer ys colourless prisms from methanol-ethyl acetate, m. p. 268—270° alone or mixed with material made by 
met 

2-y-Dimethylaminopropylamino-4-hydroxy-6-methylpyrimidine (V; R = [CH,],*NMe,).—4-Hydroxy-2-methylthio-6- 
methylpyrimidine (31-2 g.) and y-dimethylaminopropylamine (20-4 g.) were mixed and heated to 160° in 1 hour, then 
kept at 160—180° for 3 hours. On cooling, the product was a practically colourless resin. It formed a dipicrate 
which crystallised from f-ethoxyethanol in yellow laminz, m. p. 201—202° (Found: C, 39-8; H, 3:8; N, 20-7. 
C9H,ON,,2C,H,0,N, requires C, 39-5; H, 3-6; N, 21-0%). 

(VI; R = above hydroxypyrimidine 
(42 g.) and phosphoryl chloride (100 c.c.) were gradually heated to boiling when a vigorous reaction occurred and the 
hydroxypyrimidine rapidly passed into solution. After refluxing for 5 minutes and working up in the usual way - 
4-chlovo-2-y-dimethylaminopropylamino-6-methylpyrimidine was obtained as a colourless oil, b. p. 120—122°/0-1 mm. 
(slight decomp.) (Found: C, 53-0; H, 7-8; N, 25:5; Cl, 14-4. C, )H,,N,Cl requires C, 52-5; H, 7-4; N, 24-5; Cl, 
15-5%). The compound decomposed slowly on standing but gave satisfactory results in condensations with arylamines 
if used soon after preparation. The dipicrate crystallised from alcohol as thick yellow prisms, m. p. 146—147° (Found : 
C, 38-9; H, 3-4; 20-5. 3 requires Cc, 38-5; H, 3-4; N, 20-4% ; 

4-p-Chloroanilino-2-y-dimethylaminopropylamino-6-methylpyrimidine (4345) (II; R=Cl, R’ = [(CH,],*NMe,).— 
4-Chloro-2-y-dimethylaminopropylamino-6-methylpyrimidine (4-0 g.), p-chloroaniline (6-7 g.), and p-chloroaniline hydro- 
chloride (2-9 g.) were heated at 165—170° for 3 hours. The cooled mixture was stirred with benzene (125 c.c.) for 1 
hour. By decantation of the benzene and repetition of the process a solid was obtained which crystallised from methanol 
as colourless thick prisms, m. p. 270° (Found: C, 49-0; H, 6-0; N, 17-9; Cl, 27-1. C,H, ,N,Cl,2HCl requires C, 48-9; 
H, 6-1; N, 17-8; Cl, 27-1%). 

2-y-Dibutylaminopropylamino-4-hydroxy-6-methylpyrimidine (V; R = [CH,],"NBu*,).—4-Hydroxy-2-methylthio-6- 
methylpyrimidine (23-4 g.) and y-di-n-butylaminopropylamine (27-9 g.) were heated at 160—180° for 3 hours. The 

voduct was a practically colourless very viscous oi which did not crystallise. The y ee separated from methanol 
yen lamine, m. p. 224—225° (Found: C, 44-8; H, 4:9; N, 18-6. requires C, 44-7; 

4-Chloro-2-y-dibutylaminopropylamino-6-methylpyrimidine (V1; R = [CH,]s*NBu*,).—The above hydroxypyrimidine 
(44-1 g.) and phosphoryl chloride (75 c.c.) were gradually heated to boiling when a reaction took place, the hydroxy 
compound passing into solution. After boiling for 10 minutes, 30 c.c. of phosphoryl chloride were removed under 
reduced pressure at 40° and the residue was worked up in the usual manner. 4-Chlovo-2-y-dibutylaminopropylamino-6- 
methylpyrimidine was thereby obtained as a practically colourless oil (30 g.) which did not distil below 190°/0-2 mm. 
It was characterised as its dipicrate which formed flat yellow needles from f-ethoxyethanol-alcohol, m. p. 156—157° 
(Found : C, 43-7; H, 4:7; N, 17-8. C,gHgN,Cl,2C,H,O,N, requires C, 43-6; H, 4-5; N, 18-2%). 

4-p-Chloroanilino-2-y-dibutylaminopropylamino-6-methylpyrimidine (II; R = Cl, R’ = (CH,],*NBu%,).—(a) 4-Chloro- 
2-y-dibutylaminopropylamino-6-methylpyrimidine (7-1 g.), p-chloroaniline (9-3 g.), and p-chloroaniline hydrochloride 
(4:1 g.) were mixed and heated at 165—170° for 3 hours. The resulting melt was stirred with benzene (125 c.c.) for 
l hour, the benzene decanted off, and the process repeated thrice.. The solid product was crystallised from methanol 
and then from methanol-acetone giving 4-p-chloroanilino-2-y-dibutylaminopropylamino-6-methylpyrimidine dihydro- 
chloride (4316), m. p. 169—171° (Found in material dried at 80°: C, 53-5; H, 7-4; N, 13-8; Cl’, 14-9. C,,H,,N,Cl,2HCI,H,O 
tequires C, 53-4; H, 7:7; N, 14:2; Cl’, 144%). The dipicrate crystallised from f-ethoxyethanol-alcohol as yellow 
m. p. 220—222° (Found: C, 47-0; H, 4:8; Cl, 4:4. C,,H,,N,Cl,2C,H,O,N, requires C, 47-4; H, 45; Cl, 

‘0)+ 

(b) 4-Chloro-2-y-dibutylaminopropylamino-6-methyl peute idine (7-8 g.), p-chloroaniline (3-2 g.), water (25 c.c.), and 
10n-hydrochloric acid c.C.) oiled for 1 e product, w on was filtered off 
and dried. It crystallised from alcohol-ethyl acetate as colourless thick prisms, m. p. 171—173° undepressed by 
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_ phosphoryl chloride (ca. 40 c.c.) was then removed under reduced pressure at 40° and the residue poured on crushed ice 
. (500 g.). The resulting solution was immediately made alkaline with sodium hydroxide and extracted several times 
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material made by method (a) (Found in air-dried material : C, 51-8; H, 7-3; N, 13-4; Cl’, 13-3. C,,H;,N,Cl,2HC1,2H,0 
requires C, 51-5; H, 7-8; N, 13-7; Cl’, 13-8%). 

(c) 2-Chloro-4-p-chloroanilino-6-methylpyrimidine (10 g.) and y-di-n-butylaminopropylamine (9-2 g.) were mixed 
and heated at 120—130° for 8 hours. The mixture was worked up as described above for 4-p-chloroanilino-2-y-di- 
ethylaminopropylamino-6-methylpyrimidine (method (c)) giving the base as an oil which was converted into the 
dihydrochloride by dissolving in hot 2N-hydrochloric acid. The salt, which separated on cooling, was filtered off, dried, 
and crystallised from alcohol-ethyl acetate; it had m. p. 171—173°, not depressed by admixture with material made 
by method (b) (Found in air-dried material : C, 51-6; H, 7-9; N, 13-9%). 

(V;  R = 
methylpyrimidine (15-6 g.) and 8-diethylaminobutylamine (14-4 g.) were heated at 160—180° for 3 hours. A rapid 
evolution of methylthiol took place at first but gradually subsided leaving the base as a pale yellow highly viscous oil 
which crystallised on long standing. The dipicrate formed thick yellow prisms from f-ethoxyethanol, m. p. 209° (Found : 
C, 42:6; H, 4:2; N, 20-5. C,,;H,,ON,,2C,H,O,N, requires C, 42-3; H, 4:2; N, 19-7%). 

(VI; R = (CH,],*NEt,).—The preceding hydroxypyrimidine 
(25-2 g.) and phosphoryl chloride (50 c.c.) were heated, and, when the vigorous reaction had subsided, the reaction was 
completed by refluxing for 5 minutes. The mixture was drowned into sodium hydroxide (500 c.c. of 5Nn), toluene 
(250 c.c.), and ice. The toluene layer was separated and the aqueous layer extracted with toluene (250 c.c.). The 
combined toluene extracts were rapidly extracted thrice with ice-cold 5% acetic acid. The aqueous extracts were 
combined, poured into excess of ice-cold 5N-sodium hydroxide, and the product extracted with chloroform. Evaporation 
of the dried (Na,SO,) chloroform solution left the base as an oil (yield, 76%). The dipicrate crystallised from B-ethoxy- 
cr 49%). thick yellow prisms, m. p. 146° (Found: N, 19-3; Cl, 4-5. C,sH,sN,Cl,2C,H,O,N, requires N, 19-2; 

(II; R = Cl, R’ =[CH,],"NEt,).—4-Chloro-2-8-di 
ethylaminobutylamino-6-methylpyrimidine (5-5 g.), p-chloroaniline (7-68 g.), and p-chloroaniline hydrochloride (3-3 g.) 
were heated at 150—160° for 2 hours. The reaction mixture was triturated four times with hot benzene (20 c.c.), and 
the residue dissolved in water (25 c.c.) with the addition of acetic acid (2 c.c.) and sodium acetate (2 g.), and extracted 
thrice with benzene (25 c.c.). The aqueous layer was separated, clarified with decolorising charcoal, and filtered. 
Addition of sodium hydroxide to the filtrate precipitated the product which was extracted with chloroform and dried 
(NaxSO,). Evaporation of the solvent left the base as an oil which did not crystallise. With picric acid in methanol 
it gave a dipicrate which crystallised from f-ethoxyethanol as flat yellow prisms, m. p. 226—227° (Found : C, 45-4; 
H, 44; N, 186; Cl, 4:2. C,sH,,N,Cl,2C,H,O,N, requires C, 45-4; H, 4:2; N, 18-8; Cl, 43%). The base was 
converted ifto its dihydrochloride by stirring with water and sufficient hydrochloric acid to render the mixture acid to 
Congo red. The salt was filtered off and crystallised from aqueous methanol, being thus obtained as colourless thick 

risms, m. p. 197—198° (Found: C, 48-2; H, 7:3; N, 15:3; Cl’, 14:8. C,,H,,N,Cl,2HCI1,2H,O requires C, 48-5; 
, 7:2; N, 14-9; Cl’, 15-1%) (4561). 

(V; R = 
methylthio-6-methylpyrimidine (31-2 g.) and 8-diethylamino-a-methylbutylamine (31-6 g.) were mixed and heated at 
160—180° for 3 hours. Methylthiol was evolved leaving a non-crystallisable resin. It formed a dipicrate which 
crystallised from f-ethoxyethanol-alcohol in irregular yellow laminz, m. p. 170—172° (Found: C, 43-7; H, 45; 
N, 18-7. requires 43-1; H, 4-4; N, 19-3%). i 

(VI; R = 
a-methylbutylamino-4-hydroxy-6-methylpyrimidine (53-2°g.) and phosphoryl chloride (100 c.c.) were gradually heated 
to 100°. When the vigorous reaction had subsided the mixture was refluxed for 5 minutes. Some of the excess of 


with benzene. After washing the benzene solution with water the product was extracted by shaking several times 

with 5% acetic acid. The combined acid extracts were added to excess of sodium hydroxide solution and the product 

taken into benzene. Evaporation of the dried benzene solution gave 4-chloro-2->-diethylamino-a-methylbutylamino- 

6-methylpyrimidine as a colourless oil, b. p. 142°/0-07 mm. (yield, 45-7%) (Found: C, 59-4; H, 8-8; N, 19-8; Cl, 12:3. 

C,,H,;N,Cl requires C, 59-0; H, 8-8; N 197; Cl, 125%). The dipicrate separated from methanol in thick yellow 

~~ “Case. (Found : C, 41-9; H, 4-0; N, 19-0; Cl, 5-0. C,,H,,;N,Cl,2C,H,O,N, requires C, 42-0; H, 4:2; 

4-p-Chloroantlino-2-5-diethylamino-a-methylbutylamino-6-methylpyrimidine (II; R = Cl, R’ = CHMe-[(CH,],°"NEt,).— 
The above chloropyrimidine (14-2 g.), p-chloroaniline (6-35 g.), water (50 c.c.), and 10N-hydrochloric acid (4-4 c.c.) were 
refluxed for 3 hours. The resulting clear solution was made alkaline with sodium hydroxide and the liberated base 
extracted with chloroform. The chloroform solution was then extracted several times with 5% acetic acid, the acid 
extracts combined and made alkaline with sodium hydroxide, and the base again taken up into chloroform. Evapor- 
ation of the dried (K,CO,) extract and distillation of the residue gave 4-p-chloroanilino-2- iethylamino-a-methylbutyl- 
amino-6-methylpyrimidine, b. p. mm. (yield, 9-5 g.) (Found: C, 63-5; H, 7:5; N, 18-6. 
— C, 63:9; H, 7-9; N, 18-6%). e dipicrate crystallised from f-ethoxyethanol-alcohol in clusters of small 
186%. m. p. 189—190° (Found : C, 45-6; H, 4:3; N, 18-0. requires C, 46-0; H, 43; 

The dihydrochloride could not be crystallised satisfactorily and the dihydrobromide (5052) was therefore prepared 
for biological testing. The base was dissolved in dilute hydrobromic acid and the solution evaporated to dryness at 
60—65° under reduced pressure. The residue was freed from water and excess of hydrobromic acid by repeated 
evaporation to dryness under reduced pressure with alcohol and alcohol—benzene. It then crystallised from alcohol- 
ethyl acetate as colourless flat prisms, m. p. 200—201° (Found : C, 44-6; H, 5-9; N, 12:9; Br’, 29°0. CyoH,9N,Cl,2HBr 
H, 6-0; N, 13-0; Br’, 298%). 

_ 2-y-Piperidinopropylamino-4-hydroxy-6-methylpyrimidine (V; R = [(CH,],*N 
thio-6-methylpyrimidine (23-4 g.) and (21-3 ot 160—180° for 3 hours. Methyl- 
thiol was evolved with effervescence leaving a practically colourless very viscous oil. With water it formed a hydrate 
which crystallised from water in practically colourless prisms, m. p. 81—82° (Found in air-dried material: C, 54-4; H, 
8-9; N, 19-8; loss at 100° in a vacuuni, 12-1. C,, AON, 2H,0 uires C, 54:5; H, 91; N, 196; H,O, 12-6%). 
The Spree had m. p. 218° (Found: C, 42:5; H. 3-9; N, 19-7. C.sH,ON,,2C,H,O,N, requires C, 42-4; H, 40; 

4-Chloro-2-y-piperidinopropylamino-6-methylpyrimidine (VI; R = [CH,],*N<(CH,],>CH,).—The above hydroxy 
compound (37-5 g.) and phosphoryl chloride (6 when a vigorous reaction 
ensued. After refluxing for } hour the mixture was distilled at 40° under reduced pressure until 30 c.c. of phosphoryl 
chloride had been removed. It was then worked up as described above for other compounds of this type giving 
4-chloro-2-y-piperidinopropylamino-6-methylpyrimidine as a colourless oil, b. p. 127°/0-04 mm. (yield, 17-5 g.), which 
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1.0 § gradually solidified and then had m. p. 52—53° (Found: C, 58:1; H, 7-9; N, 20-4. C,,H,,N,Cl me ey C, 58-1; H, 

. 7-8; N, 20-9%). The dipicrate, pant in methanol solution, crystallised from f-ethoxyethanol as thick yellow : 
xed plates, m. p- 195° (Found _ 41:3; 3-7; N, 19-0. C,3H,,N,Cl,2C,H,0,N, 41-3; H, 2-9; N, 
4-p-Chloroanilino-2-y-piperidinopropylamino-6-methylpyrimidine R=Cl, R’ = 
the 4-Chloro-2-y-piperidinopropylamino-6-methylpyrimidine (10 g.), p-chloroaniline (15-9 g.), and p-chloroaniline hydro- : 
ed chloride (6-8 g.) were mixed and heated at 165—170° for 3 hours. The cooled reaction mixture was stirred with benzene 
ade y and the crystalline product collected and washed with benzene. Crystallisation from ek acetate = the & 

dihydrochloride (4190) as colourless slender prisms, m. p. 277—279° (Found: C, 48-9; H, 6-5; N, 14-9; Cl’, 145. 
-6- Cl,2HC1,2H,O C, 48-7; H, 6-8; N, 14-9; Cl’, 15-1%). 
nid 2-y-n-Butylaminopropylamino-4-hydroxy-6-methylpyrimidine (V; Re 
Pl methylpyrimidine (24 g.) and i gay ne (20 g.) were heated at 160—180° for 3 hours. On cooling, 
nd: & the product was a very highly viscous oil. e dipicrate crystallised from alcohol as thick yellow needles, m. p. 200° 
: (Found: C, 41-7; H, 4:2; N, 20-4. C,,H,,ON,,2C,H,O,N, a C, 41-4; H, 4:0; N, 20-1%). The dinitrobenzoate 
line had hhor 193—194° (Found Pd +a 47-2; H, 4:5; N, 16-7. Cy, 2ON,,2C,H,O,N, requires Cc, 47-1; H, 4-5; N, 16-9%). 
was 4-Chloro-2-y-n-butylaminopropylamino-6-methylpyrimidine (V1; R = [CH,],;*NHBu*).—The above 
ene ( (35 g.) and phosphoryl chloride (75 c.c.) were heated until a vigorous reaction occurred. When this had subsided the ics 
The fy mixture was refluxed for 2 minutes (complete solution) and worked up as described above in similar cases. Evapor- 
vere [gy ation of the final benzene extract left an oil (18-6 g.) which could not be distilled without decomposition. It also decom- 
tion | posed on keeping at room temperature to give a high melting solid, but, for condensation with arylamines, successful 
xy- results — obtained by using the crude product immediately after preparation. No pure crystalline derivative could 

be obtained. 
in, 4-p-Chloroanilino-2-y-n-butylaminopropylamino-6-methylpyrimidine (II; R = Cl, R’ = [CH,],"NHBu*).—(a) 4-Chloro- ; 

butylaminopropylamia o-6-methylpyrimidine (7-7 g. of crude product), p-chloroaniline (12-4 g.), and p-chloroaniline 
} g.) hydrochloride (5-2 g.) were mixed and heated at 160—170° for 1 hour. The mixture quickly became homogeneous and 

and & then began to deposit solid material. After cooling it was treated twice with boiling benzene and the insoluble material ; 
“ted isolated by decantation. This was then dissolved in methanol (30 c.c.) and the solution poured into benzene (300 c.c.). 

red. The resulting crystalline product was further purified by crystallisation from methanol giving ee aan, 

ried dihydrochloride (4508) as colourless prisms, m. p. 301—303° (yield, 
anol § &1g.) (Found: C, 50-7; H, 6-7; N, 16-8; Cl’, 17-0. C,,H,.N,Cl,2HCl requires C, 51-4; H, 6-7; N, 16-7; Cl’, 169%). 

5-4: (b) 2-Chloro-4-p-chloroanilino-6-methylpyrimidine (4-3 g.) and y-n-butylaminopropylamine (8-2 g.) were heated at 

was 120—130° for 8 hours, the resulting melt dissolved in warm dilute hydrochloric acid, and the solution made alkaline 
4 to & With sodium hydroxide. The liberated base was separated and extracted with 5% acetic acid, and the acid extract 
hick made alkaline and extracted with chloroform. After drying (K,CO,) and removal of the solvent, the product remained 
8-5: asan oil. The dipicrate crystallised from B-ethoxyethanol as yellow prisms, m. p. 205—206° (Found: C, 44-8; H, 4-1; 

N, 18-8. requires C, 44-7; H, 4:0; N, 191%). The dihydrochloride, isolated from a solution 
y-2- of the base in 2n-hydrochloric acid by evaporation, crystallised from methanol-ethyl acetate as colourless needles, 
i at . g. ra by admixture with material made by method (a) above (Found: C, 50-9; H, 6-3; N, 

(II; R = Cl, R’ = (CH,]eNMey) —2-Chloro-4-p- 
: chloroanilino-6-methylpyrimidine (12-7 g.) and 8-dimethylaminobutylamine (7-3 g.) were heated at 120—130° for 8 | 

ino- §j hours. The resulting viscous melt was heated with water, and sodium hydroxide added until alkaline to Clayton Tod 

ated |g Yellow. The liberated base was extracted with chloroform and the chloroform solution extracted several times with . 

ss of [ff 29% acetic acid. Addition of sodium hydroxide to the combined acid extracts a the base which was ; 

jice § isolated with chloroform, and the chloroform solution dried and evaporated. By crystallisation of the residue, first 

imes fg {rom benzene and then from aqueous alcohol, 4-p-chloroanilino-2-8-dimethylaminobutylamino-6-methylpyrimidine (4668) 

imes was obtained as colourless laminz, m. p. 156—158° (Found: C, 61:0; H, 6-9; N, 20-9. C,,H,,N,Cl requires C, 61-2; ? 

duct H, 7:2; N, 210%). The crystallised from f-ethoxyethanol as yellow needles, m. p. $05—207° (Found: C, 

sino- 446; H, 3-9; N, 18-8. C,,H,,N,Cl requires C, 44-6; H, 3-9; N, me og 

12-3. (Il; R = Cl, R’ = .—The base, pre- 

sllow or in a similar manner from 2-chloro-4-p-chloroanilino-6-methylpyrimidine (12-7 g.) and 6-dibutylaminobutylamine 

4-2; [ (12:5 g.), formed a practically colourless viscous oil, characterised as its dipicrate which crystallised from £-ethoxyethanol 

as yellow needles, m. P. 205—207° (Found: C, 486; H, 48; N, 17-7. C,,H,,N,Cl,2C,H,O,N, requires C, 48-0; 
pl H, 48; N, 17-6%). Its dihydrochloride (4669), prepared for biological test by dissolving in oe mone ong acid, 
‘ere fg eVaporating the solution under reduced pressure, and crystallising the dried residue from alcohol-ethyi acetate, formed ; 
base colourless needles, m. p. 125—127° (m. p. 147—149° immediately after drying at 100°) (Found in material dried at 

acid & 100°: C, 53-7; H, 7-5; N, 13-8; Cl’, 14-0. CyH,.N,C12HCLH,O requires C, 54-3; H, 7-8; N, 13-7; Cl’, 13-7%). 
4-p-Chloroanilino-2-methylisopropylaminopropylamino-6-methylpyrimidine (Il; R = Cl, R’ = 
yutyl- base, prepared similarly using y-methylisopropylaminopropylamine, formed a colourless oil which was not 
N,Ccl obtained crystalline. Its a crystallised from f-ethoxyethanol as yellow plates, m. p. 224—226° (Found: ie 
‘mail C, 45-1; H, 3-9; N, 18-9. requires Cc, 44-7; H, 4-0; N, 19-1%). The (4786) 

4:3; & ‘tystallised from alcohol as colourless needles, m. & 274—-276° (efferv.) (Found: C, 51-4; H, 6-5; N, 16-6; Cl’, 16-5. ; 
requires C, 51-4; H, 6-7; N, 16-65; Cl’, 16-9%). 
sared 4-p-Chloroanilino-2-y-di-n-amylaminopropylamino-6-methylpyrimidine (II; R=Cl, R’ = (Cale 
ss at fg Chloro-2-p-chloroanilino-6-methylpyrimidine (7-6 g.) and y-di-n-amylaminopropylamine (6-4 g.) were fused at 120°. be! 
sated |g After about 5 minutes’ heating the melt, which was at first fluid, began to cryataiion and gradually solidified. Heating ; 
ohol- §f #t 120—130° was continued for 2 hours; the reaction mixture was then dissolved out with dilute hydrochloric acid, 
2HBr &§ 20d the filtered solution made alkaline with sodium hydroxide and the liberated base separated. The oil was extracted 

twice with 5% acetic acid, and the extracts combined and treated with sodium hydroxide. The liberated base was - 
thyl- extracted with chloroform, the extract dried with potassium carbonate and evaporated, leaving the base as an oil 
sthyl- which did not crystallise. It gave a dipicrate which crystallised from f-ethoxyethanol in rosettes of small yellow 
vdvate needles, m. p. 210—212° (Found: C, 48-9; H, 5-0; N, 17-0. requires C, 48-6; H, 4-95; 
H, N, 17-3%), and a (5149) which crystallised from alcohol-ethyl acetate as colourless thick laminz, m. 
6%). 3-404} 54-4; H, 7-7, 8-0; N, 13-0, 13-2; Cl’, 14:1. C,,H,,N,Cl,2HC1,1-5H,O requires C, 54-2; 
droxy Chloro-2-B-diethylaminoethylamino-6-methylpyrimi ine (4:5 g.), 6- romo-8-naphthylamine (6-2 g.), and 6-bromo-f- 
action § 24¢phthylamine hydrochloride (4-8 g.) were mixed, and heated at 180—190° for 2 hours. After cooling, the solid melt 
yhoryl was ground, boiled with benzene, and filtered, and the insoluble residue was dried, then dissolved in water, filtered, . 
iving and reprecipitated by hydrochloric acid. The resulting 4-(6’-bromo-B-naphthylamino)-2-B-diethylaminoethylamino-6- 
which | "¢thylpyrimidine dihydrochloride (3884) was filtered off, dried, and recrystallised from methanol, forming colourless flat 
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prisms, ea 265—267° (yield, 5-1 g) (Found: C, 47:0; H, 6-0; N, 13-5; Cl’, 13-3. C,,H,sN,Br,2HCl,2H,O requires 
C, 46-9; H, 6-0; N, 13-0; Cl’, 13-2%). The dipicrate crystallised from -ethoxyethanol as yellow laminz, m. p. 
224—225° (Found : C, 44-7; H, 4:3; N, 16-6. C,,H,.N,Br,2C,H,O,N, requires C, 44:7; H, 3-6; N, 17-3%). 

(b) 4-Chloro-2-8-diethylaminoethylamino-6-methylpyrimidine (6-1 g.), 6-bromo-f-naphthylamine (5-5 g.), water (25 
c.c.), and 10N-hydrochloric acid (2-5 c.c.) were refluxed for 1 hour. From the clear solution 4-(6’-bromo-f-naphthy]- 
amino)-2-8-diethylaminoethylamino-6-methylpyrimidine dihydrochloride crystallised on cooling. It was filtered off 
and dissolved in hot water, and the solution decolorised with charcoal and filtered. Addition of hydrochloric acid to 
the filtrate reprecipitated the product, which was filtered off, dried, and crystallised from alcohol. It formed colourless 
needles, m. p. 266—268° undepressed by admixture with material made by method (a) (yield, 9-9 g.). 

4-(6’-Bromo-B-naphthylamino)-2-y-diethylaminopropylamino-6-methylpyrimidine (XIII; R = (CH,],*NEt,).—4-Chloro- 
(6-4 g.), 6-bromo-8-naphthylamine (5-5 g.), water (25 c.c.), and 
10n-hydrochloric acid (2-2 c.c.) were refluxed for one hour. The product, which ated on cooling, was filtered 
off, dissolved in water and reprecipitated with hydrochloric acid. After being ied, the dihydrochloride (4787) 
was crystallised from alcohol; colourless needles, m. p. 259—261° (yield, 11-2 g.) (Found in material dried at 100°: 
C, 47-4; H, 6-5; N, 13-0; Cl’, 13-3. C,,H,,N,Br,2HC1,2H,O requires C, 47-9; H, 6-2; N, 12-7; Cl’, 12-9%). 

(XIII; R=[CH,],;*N Bu®,).—4-Chloro- 
2-y-dibutylaminopropylamino-6-methylpyrimidine (7-8 g.) and 6-bromo-f-naphthylamine (5-5 g.) were added to water 
(25 c.c.) containing 10N-hydrochloric acid (2-5 c.c.) and the mixture refluxed for one hour. On adding more hydro- 
chloric acid and cooling 4-(6’-bromo-B-naphthylamino)-2-y-dibutylaminopropylamino-6-methylpyrimidine dihydrochloride 
(4788) separated and was filtered off. It was purified by dissolving in water, reprecipitaing with hydrochloric acid and 
crystallising the dried product from alcohol—ethyl acetate; it was thus obtained as colourless needles, m. p. 250—252° 
bag oa, é-) (Found: C, 51-6; H, 6-7; N, 11-4; Cl’, 11-7. C,,H3;,N,Br,2HCl,2H,O requires C, 51-4; H, 6-9; N, 11-5; 
4-(6’-Bromo-B-naphthylamino)-2-8-diethylamino-a-methylbutylamino-6-methylpyrimidine (XIII ; R=CHMe-(CH,],"NEt,). 
(9-5 g.), 6-bromo-f-naphthylamine (7-4 g.), water 
(50 c.c.), and 10N-hydrochloric acid (3-3 c.c.) were refluxed for 2 hours. The resulting clear solution was cooled, made 
alkaline with sodium hydroxide, and extracted with chloroform. The chloroform extract was shaken with 5% acetic 
acid, and the acetic acid extract separated and added to excess sodium hydroxide. The precipitated oil was extracted 
with chloroform, and the solution dried (K,CO,) and evaporated. The oil was characterised as its dipicrate, which 
separated from f-ethoxyethanol as yellow prisms, m. p. 240—242° (Found: C, 46-6; H, 4:3; N, 16-4. C,,H,,N,Br,2C,H,O,N, 
requires C, 46-6; H, 4:1; N, 16-6%). The dihydrochloride (5063), prepared by evaporating to dryness under reduced 
pressure a solution of the base in 2N-hydrochloric acid, crystallised from alcohol—-ethyl acetate as colourless lamina, 
= Ase). (Found: C, 53-4; H, 6-3; N, 12-5; Cl’, 12:5. C,,H;,N,Br,2HCl requires C, 53-0; H, 6-3; N, 12-9; 
13-1 

4-(6’-Bromo-B-naphthylamino)-2-y-piperidinopropylamino-6-methylpyrimidine (XIII; R = [CH,],*N <CH,],>CH,).— 
A mixture of (5-4 g.), 6-bromo-f-naphthylamine (4-45 g.), water 
(40 c.c.), and 10N-hydrochloric acid (2 c.c.) was refluxed for 1 hour. From the clear solution the product began to 
separate after about 10 minutes. After adding more hydrochloric acid to make the mixture acid to Congo red and 
cooling, the product was filtered off, dried, and i from alcohol giving the dihydrochloride (5041) as colourless 
elongated prisms, m. p. 288—289° (yield, 10-3 g.) (Found: C, 48-8; H, 6-0; N, 12-2; Cl’, 13-2. C,,;H,,N,Br,2HC1,2H,O0 
requires C, 49-0; H, 6-0; N, 12-4; Cl’, 12-6%). 

4-(6’-Bromo-B-naphthylamino)-2-y-n-butylaminopropylamino-6-methylpyrimidine (XIII; R = [CH,],;*NHBu*).—Crude 
4-chloro-2-y-n-butylaminopropylamino-6-methylpyrimidine (6-4 g.), 6-bromo-f-naphthylamine (5-5 g.), water (25 c.c.), 
and 10n-hydrochloric acid (2°5 c.c.) were refluxed for 2 hours, and the solution cooled and made alkaline with sodium 
hydroxide. The liberated base was extracted with chloroform and this in turn extracted with 5% acetic acid. The 
acetic acid extract was made alkaline with sodium hydroxide and the base isolated with chloroform. It formed an oil 
which did not crystallise but was characterised as its dipicrate, which separated from f-ethoxyethanol in yellow prisms, 
m. p.- 219—220° (Found : C, 45:3; H, 4:1; N, 16-9. requires C, 45°3; H, 3-6; N, 17-1%). 
The dihydrochloride (5152), a ge by dissolving the base in warm 2n-hydrochloric acid and cooling, was filtered off 
and dried. It a om alcohol as colourless prisms, m. p. 301—303° (Found: C, 50:8; H, 56; N, 139; 
Cl’, 12-8. C,,H,,N,Br,2HCl requires C, 51-3; H, 5-8; N, 13-6; Cl’, 13-8%). 


IMPERIAL CHEMICAL INDUSTRIES, LIMITED, . 
RESEARCH LABORATORIES, BLACKLEY, MANCHESTER, 9. | (Received, July 31st, 1945.] 


74. Synthetic Antimalarials. Part VII. 2-Arylamino-4-dialkylaminoalkylamino- 
pyrimidines. Variation of Substituents in the 5- and the 6-Position. 
By F. H. S. Curp, (Miss) D. N. Ricuarpson, and F. L. Rose. 


The studies of 2-arylamino-4-aminoalkylamino-6-methylpyrimidines as antimalarials (Curd and Rose, this 
vol., p. 343; Curd, Davis, and Rose, ibid., p. 351) have been extended to compounds having (a) no substituent 
in the aoe (6) a 6-phenyl group, and (c) various substituents in the 5-position (with and without a 
6-methyl group). 

The Surmanl aenitastig of compounds of type (I) to riboflavin (see previous papers) has been further explored 
and an attempt has been made to increase their activity by the synthesis of structures capable not only of 
riboflavin antagonism but also possibly of interference with nucleoside synthesis on the basis of the hypothesis 
(Part III, Hull, Lovell, Openshaw, Payman, and Todd, this vol., p. 357) that pyrimidine derivatives bearing a 
substituent in position 5 and an aminoalkylamino group in position 4 might be capable of functioning in this 
way. 


In our initial study of 2-arylamino-4-dialkylaminoalkylamino-6-methylpyrimidines (I; R=Cl, OMe, R’ = 
NH«-alkylene-N(alkyl),) as antimalarials (Part I, this vol., p. 343) and the later more detailed examination 


of the effect of different substituents in the arylamino group and of variations in the dialkylaminoalkylamino 
residue (Part II, this vol., p. 351; Part V, ibid., p. 366) the 6-methyl group was invariably present. The 
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original reason for this was that such compounds were more accessible than those unsubstituted in the 6-position, 
and not because the 6-methyl group was thought to have any chemotherapeutic significance. 

It has been suggested (Part V, Joc. cit.) that quinoline derivatives of types (II and III; R = dialkylamino- 
alkyl) may, because of their relationship to mepacrine (IV; R = CHMe-[CH,],-NEt,), act in a similar manner 
to this drug and therefore to the compounds of type (I), by interference with a riboflavin-containing enzyme 
important for the survival of the malaria parasite. The introduction of a methyl group into the 2-position 
of compounds of type (II) appears to have a dystherapeutic effect (Magidson and Rubtsov, J. Gen. Chem. Russ., 
1937, 7, 1896; Krichevski et al., J]. Microbiol. Epidemiol. and Immunobiol. U.S.S.R., 1935, 14, 642). According 
to D.R.P. 683,692 the same is true of compounds of type (III), and by analogy it seemed possible that removal 


we NHR NHR NHR 
NH/ ‘N N CK_ An’ N’ 
(I.) (II.) (III.) (IV.) 


of the 6-methyl group in type (I) might lead to increased antimalarial activity. In order to investigate this 
point we prepared 2-p-chloroanilino-4-B-diethylaminoethylaminopyrimidine (VIII; R=Cl, R’ =H, R” = 
[CH,],*NEt,) and the corresponding diethylaminopropylamino derivative (VIII; R=Cl, R’=H, R” = 
(CH,],*NEt,) by condensing p-chloroaniline with 4-hydroxy-2-methylthiopyrimidine (V; R = R’ = H) (Wheeler 
and Merriam, Amer. Chem. J., 1903, 29, 478) to give 2-p-chloroanilino-4-hydroxypyrimidine (VI; R = Cl, 
R’ = R” = H) followed by conversion, with phosphoryl chloride, into the chloropyrimidine (VII; R = Cl, 
R’ = R” = H) and condensation of this with §-diethylaminoethylamine and y-diethylaminopropylamine 
respectively. The antimalarial activity of these compounds was much lower than that of the corresponding 
6-methyl derivatives. Similar low antimalarial activity was found with enacata eats 
aminopyrimidine (VIII; R = Me, R’ = H, R” = [CH,],-NEt,). 


| cl NHR” 


(VI.) (VIL.) (VIII.) 


The Ne of the 6-methyl group in (I; R = Cl, R’ = dialkylaminoalkyl) having been demonstrated 
we were led to examine the effect of replacing the 6-methyl group by a variety of other groups. This will be 
dealt with more fully in a later communication, but we record here the synthesis of 2-p-chloroanilino-4-B- 
diethylaminoethylamino-6-phenylpyrimidine (VIII; R = Cl, R’ = Ph, R” = [CH,),"NEt,) from 4-hydroxy-2- 
methylthio-6-phenylpyrimidine (V; R = Ph, R’ = H) via (VI; R = Cl, R’ = Ph, R” = H) and the chloro- 
pyrimidine (VII; R = Cl, R’ = Ph, R” =H). The product was practically devoid of antimalarial activity. 

Previously, in considering the formal resemblance of compounds of type (I) to riboflavin (IX), it has been 
supposed that the pyrimidine ring of (I) corresponds to the same ring of the vitamin, but it seemed possible 
that the observed antagonism between (I; R = Cl, R’ = [CH,],*NEt,) and (IX) (Madinaveitia, Biochem. J., 
in the press) might be accounted for by a correspondence of the pyrimidine ring of the former to the benzene 


ting of riboflavin thus correlating the 6-methyl group of (I) to the 6-methyl group of the vitamin. This is 
illustrated in (Ia). 


CH,-(CH-OH],°CH,-OH 


| . NHR’ 
M 


On this basis the introduction of an additional methyl group into the 5-position of the pyrimidine ring of 
(I) to correspond to the 7-methyl group of riboflavin appeared to be of interest, but there were other reasons 
for a detailed study of the effect of introducing additional substituents into this position in (I). 

An investigation of alkylpyrimidines carrying aminoalkylamino groups uncomplicated by anilino groups, 
carried out at Manchester University under Professor Todd and reported in Part III (this vol., p. 357), led to 
the discovery that 2-amino-4-aminoalkylamino-6-methylpyrimidines of type (X), corresponding to the anilino 
derivatives of type (I), were without antimalarial activity at tolerated doses, but that the introduction of alkyl 
Substituents into the 5-position of the pyrimidine ring to give (XI; R = dialkylaminoalkyl, R’ = alkyl) 
restored activity. 

This dissimilarity between compounds of type (X) and type (I) and the fact that no antagonism could be 
demonstrated between (XI; R = CHMe-[CH,],"NEt,, R’ = Me) and riboflavin using Lactobacillus casei 
suggested a mode of action for compounds of type (XI) different from that which is responsible for the activity 
of compounds of type (I), and the speculative hypothesis was advanced that compounds of the former type 
might be capable of interference with either the synthesis or the function of purine nucleosides, particularly 
those, such as adenosine, which are widely occurring coenzyme constituents. 
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If this hypothesis is correct then it seemed possible that the introduction of a substituent into the 5-position 
of the pyrimidine ring of compounds of type (I) might cause a potentiation of activity. Such compounds 


Curd, Richardson, and Rose: 


TABLE I. 
Antimalarial Activities, 


The antimalarial activities were estimated using chicks infected with P. gallinaceum. For the significance of the 


Ref. No. 
3780 


3839 
3834 
4145 
3687 


3903 
4410 
4065 


All9 
4120 
4118 
A396 


4209 
4231 
4288 
4253 
3563 
4343 


4356 
4355 


4557 
3815 
4146 
4208 
4064 
4260 


2666 
3711 


should still retain the property of acting as riboflavin antagonists and if they were capable also of purine 
nucleoside antagonism they might be expected to possess a greater activity against an enzyme system of which 
riboflavin-adenosine-dinucleotide is a constituent than a compound capable only of interference with either the 


symbols used to express activity reference should be made to Part I. 
Substance. 
2-p-Chloroanilino-4-y-diethylaminopropylaminopyrimidine 


2-p-Chloroanilino-4-y-diethylaminopropylamino-5 : 6-dimethylpyrimidine 


: 6-dimethylpyrimidine 
2-p-Chloroanilino-4-y-dimethylaminopropylamino-5 : 6-dimethylpyrimidine 


2-p-Chloroanilino-4-y-dimethylaminopropylamino-6-methyl-5-ethyl- 
yrimidine 
pyrimidine 
pyrimidine 
pyrimidine 
pyrimidine 
pyrimidine 
5-Bromo-2-p-chloroanilino-4-y-diethylaminopropylamino-6-methyl- 


pyrimidine 
: 6-cyclohexenopyrimidine 


: 6-cyclohexeno- 
pyrimidine 
2-p-Chloroanilino-4-y-dimethylaminopropylamino-5 : 6-cyclohexeno- 


pyrimidine 


2-p-Chloroanilino-4-y-dimethylaminopropylamino-5 : 6-cyclopenteno- 

: 


2-p-Chloroanilino-4-y-dimethylaminopropylamino-6-methylpyrimidine 


Dose, mg./kg. 
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riboflavin or the adenosine portion. It also appeared possible that a compound of type (XII) might have a 
wider range of antagonistic activity and be capable of interference not only with riboflavin-containing enzymes 
but also with other enzyme systems having a purine nucleoside as a coenzyme constituent. 

A series of compounds of type (XII) has therefore been prepared, and the following have been introduced 
as substituents into the 5-position: methyl, ethyl, benzyl, bromine. Disubstitution in the 5- and the 6-position 
has also taken the form of an additional 5- or 6-membered cyclopenteno- or cyclohexeno-ring. In nearly every 
case more than one dialkylaminoalkyl group has been tried. The compounds prepared are listed in Table I, 
which gives an indication of the antimalarial activities. For comparison the activities of two compounds of 
type (I) are included. Full biological details will be published and discussed in detail elsewhere, but no com- 


pound of type (XII) has shown a significantly greater activity than the corresponding compound of type (I) 
without the 5-substituent. 


NHR NHR 
NHR NHR 
NH, /Me NH, Me 
(X.) (XL) (XIII.) 


It then occurred to us that an investigation of compounds of type (XIII; R’ = alkyl) might give some 
information on the mode of action of type (XII). It has been mentioned above that compounds of type 
(VIII; R’ = H) are much less active than those of type (VIII; R’ = Me). If then the introduction of a 
substituent into position 5 of (VIII; R = H) to give (XIII) conferred on these compounds the power to act 
in the same manner as those of type (XI) it might be anticipated that in type (XIII; R’ = alkyl) the activity 
might be largely restored as compared with (VIII; R=H). 2-p-Chloroanilino-4-8-diethylaminoethylamino-5- 
methylpyrimidine (XIII; R = [CH,],“NEt,, R’ = Me) was therefore prepared but had no activity. Low 
activity was also characteristic of several other compounds of this type, but with different substituents in the 
which were prepared: (XIII; 

= [CH,],"NEt,, R’ = Ph), the corresponding p-anisidino-derivative, 2-p-chloroanilino-4~y-diethylamino- 
(XIII; R = [CH,],-NEt,, R’ = Ph), and 
ethylamino-5-phenoxypyrimidine (XIII; R = [CH,],*NEt,, R’ = OPh). 

Compounds of types (XII) and (XIII) were made by the now well established method from a 4-hydroxy-2- 
alkylthiopyrimidine (V) appropriately substituted in the 5- and 6-positions through the intermediate stages 
(VI) and (VII). The majority of the 4-hydroxy-2-alkylthiopyrimidines of type (V) used were known com- 
pounds but a few are described now for the first time. 5-Bromo-4-hydroxy-2-methylthio-6-methylpyrimidine was 
prepared by bromination of 4-hydroxy-2-methylthio-6-methylpyrimidine in aceticacid. 4-Hydroxy-2-methylthio- 
5 : 6-cyclopentenopyrimidine and 4-hydvoxy-2-methylthio-5 : 6-cyclohexenopyrimidine were prepared by con- 
densation of ethyl cyclopentanone-2-carboxylate and ethyl cyclohexanone-2-carboxylate respectively with 
S-methylisothiourea in an aqueous medium. The yields were low owing to side reactions the products of which 
were not investigated, but in the latter case the yield was considerably improved by condensing the ethyl cyclo- 
hexanone-2-carboxylate with thiourea and methylating the resulting 4-hydvoxy-2-thiol 5: iis ts 
pyrimidine with methyl sulphate and alkali. 


EXPERIMENTAL. 


(VI; R =Cl, R’ = R” = H).—4-Hydroxy- 2-methylthiopyrimidine (Wheeler 
erriam, loc. cit.) (18 g.), p-chloroaniline (32 g. ) and f-ethoxyethanol (50 c.c.) were refluxed with stirring for 26 hours. 
The solid material which separated was filtered off after cooling, washed with hot alcohol (100 c.c.), and dried — 
21-5 g.). Crystallisation from acetic acid gave 2-p-chloroanilino-4-hydroxypyrimidine as thin colourless prisms, m. p. 
242—-244° (Found: N, 19-0. C,.H,ON,Cl requires N, 19-0%). 
4-Chloro-2-p-chloroanilinopyrimidine (VII; R= Cl, R’ = R” = (21°5 
g.) and phosphoryl chloride (55 c.c.) were refluxed for 15 minutes. e excess of phosphoryl! chloride was removed 
baker reduced pressure and the solid residue added to ice. The resulting suspension was made alkaline with ammonia 
and, after stirring for 1 hour, the crude product was collected and washed with water. It crystallised from alcohol in 
clusters of colourless prisms, m. p. 124° (yield, 16-0 g.) (Found : C, 50-2; H, 2-6; N, 17-0; Cl, 29-4. C,,H,N,Cl, requires 
C, 50-0; H, 2-9; N, 17-5; Cl, 29-6%). 
2-p-Chloroanilino-4-hydroxy- yipyrimidine (VI; R=Cl, R’=Ph, R” = H),—4-Hydroxy-2-methylthio-6- 
phenylpyrimidine (Wheeler and Merriam, Joc. cit.) (8-2 g.) and p-chloroaniline (12 g.) were stirred and heated at 130—140° 
for 6 hours. The cooled melt was ground and then refluxed with alcohol (75 c.c.) for 1} hours. The product was filtered 
off, washed with alcohol, and dried ar 9-7 en It crystallised from f-ethoxyethanol as colourless needles, m. p. 
312—313° (Found : C, 64:1; H, 4-0; 14-0. H,,0N,Cl C, 64-5; H, 4-0; N, 141%). 
4-Chloro-2-p-chloroanilino-6-phenylpyri imidine vr i: R Cl, = Ph, R” = H) _—The above hydroxy compound 
(9-3 g.) and phosphoryl chloride (30 c.c. ey were refluxed ri 4 “oad After removing the excess of phosphoryl chloride 
under reduced pressure the residue was added to crushed ice and made alkaline with ammonia. After standing for 1 
hour the crude product was filtered off, washed with water, and worn from alcohol, giving 4-chloro-2-p-chloroanilino- 
prisms, m. p. 166—168° (yield, g.) (Found : N, 13-5; Cl, 22-3. C,,.H,,N,Cl, requires 
6: 6-dimethylpyrimidine (VI; R=Cl, R’ = R” = Me),—4-Hydroxy-2-ethylthio-5 : 6- 
dimethylpyrimidine (Wheeler and Merriam, Joc. cit.) (15 g.) and p-chloroaniline 26 g.) were heated at 130—140° for 9 
hours with stirring. The cooled and ground reaction mixture was ae) with beled (150 c.c.) for 1 hour and filtered, 
and the undissolved residue washed with alcohol and dried (yi se 20-85 a purified by crystallisation from aqueous 
acetic acid the compound had m. P. 270—272° (Found : , BT 8; re 5. C,,H,,ON,Cl requires C, 57-7; 
H, 4°8; N, 169%). 
BB 
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4-Chloro-2-p-chloroanilino-5 : 6-dimethylpyrimidine (VII; R=Cl, R’ = R” = Me).—2-p-Chloroanilino-4-hydroxy- 
5 : 6-dimethylpyrimidine (20 g.) and phosphoryl] chloride (60 c.c.) were refluxed for 1} hours and the reaction mixture 
worked up as in the case of previous chloropyrimidines. Purified by crystallisation from alcohol the product formed 
colourless Pie 7%; - p. 161—162° (yield, 11-4 g.) (Found: C, 53-2; H, 4:1; N, 15-5. C,,H,,N;Cl, requires C, 53-7; 
H, 4:1; N, 15°7%). 
2-p-Chloroanilino-4-hy droxy-6-methyl-5-ethylpyrimidine (VI; R=Cl, R’ = Me, R” = Et).—Prepared from 4- 
hydroxy-2-methylthio-6-methyl-5-ethylpyrimidine (idem, ibid.) (18-4 g.) and p-chloroaniline (32 g.) exactly as described 
above for the corresponding 5-methyl compound, the compound formed clusters of colourless needles from f-ethoxyethanol, 
m. p. 246—247° (Found : C, 59-1; H, 5-3; N, 15-9. C,,;H,,ON;Cl requires C, 59-2; H, 5-3; N, 15-9%) (yield, 24-95 ¢.). 
(VII; R=Cl, R’ =Me, R” = Et).—2-p-Chloroanilino- 
4-hydroxy-6-methyl-5-ethylpyrimidine (13-05 g.) and phosphoryl chloride (40 c.c.) were refluxed for 14 hours and the 
reaction mixture worked up in the usual way. The chloropyrimidine crystallised from alcohol as stout colourless 
needles, m. p. 128—130° (yield, 11-4 g.) (Found: N, 14-9; Cl, 25-3. C,,;H,,N,Cl, requires N, 14-9; Cl, 25-2%). 
2-p-Chloroanilino-4-hydroxy-5-benzyl-6-methylpyrimidine (VI; R=Cl, R’ = Me, R” = CH,Ph).—4-Hydroxy-2- 
ethylthio-5-benzyl-6-methylpyrimidine (Wheeler and McFarland, Amer. Chem. J., 1909, 42, 101) (13-08 g.) and -chloro- 
aniline (17-5 g.) heated at 130—140° for 6 hours and worked up as described above for this type of compound gave the 
hydroxypyrimidine (yield, 15-55 g.) which crystallised from B-ethoxyethanol as colourless needles, m. p. 258—260° (Found : 
C, 65-8: H, 4:9; N, 12-9. C,,H,,ON;Cl requires C, 66-4; H, 4-9; N, 12-9%). 
4-Chloro-2-p-chloroanilino-5-benzyl-6-methylpyrimidine (VII; R = Cl, R’ = Me, R” = CH,Ph), prepared from the 
above hydroxy compound (29-55 g.) and Ba ae chloride (90 c.c.), crystallised from alcohol as colourless tables, 
m. p. 124—125° (yield, 25-5 g.) (Found: N, 12-3; Cl, 20-5. C,,H,,N,Cl, requires N, 12-2; Cl 20-6%). 
(V; R= Me, R’ = Br).—4-Hydroxy-2-methylthio-6-methyl- 
pyrimidine (45 g.) was dissolved in acetic acid (1,500 c.c.) and bromine (54 g.) added gradually with stirring at room 
temperature. The precipitate was collected and washed with water. It was then stirred with dilute ammonia, filtered 
off, and purified by crystallisation from f-ethoxyethanol from which the compound separated as colourless thick prisms, 
m. p. 254—256° (decomp.) (yield, 41 g.) (Found: N, 11-8; Br, 34-5. C,H,ON,BrS requires N, 11-9; Br, 34-0%). 
5-Bromo-2-p-chloroanilino-4-hydroxy-6-methylpyrimidine (VI; R = Cl; R’ = Me; R” = Br).—5-Bromo-4-hydroxy- 
2-methylthio-6-methylpyrimidine (11-75 g.), p-chloroaniline (12-75 g.), and f-ethoxyethanol (25 c.c.) were stirred and 
heated at 120—130° for 26 hours. The product was filtered off, washed well with alcohol, and dried (yield, 11-75 g.). 
It crystallised from dimethylformamide—water in colourless blunt-ended needles, m. p. 267—-269° (decomp.) (Found : 
C, 42-5; H, 3-2; N, 13-6. C,,H,ON,CIBr requires C, 42-0; H, 2-9; N, 13-4%). 
4-Chloro-5-bromo-2-p-chloroantlino-6-methylpyrimidine (VII; R=Cl, R’ = Me, R” = Br).—The above hydroxy- 
pyrimidine (20 g.) and phosphoryl chloride (45 c.c.) were refluxed for 3 hours. Excess of phosphoryl chloride was then 
removed under reduced pressure and the residue added to ice with stirring. After making alkaline with ammonia, the 
chloro compound was extracted with ether, and the extract dried and evaporated. Crystallisation of the residue from 


alcohol gave the chloropyrimidine as practically colourless prisms, m. p. 176—178° (Found: N, 12-5; 1 mg. = 1-376 — 


mg. Ag halides. C,,H,N,;Cl,Br requires N, 12-6%; 1 mg. = 1-426 mg. Ag halides). 

4-Hydroxy-2-methylthio-5 : 6-cyclohexenopyrimidine.—(a) Ethyl cyclohexanone-2-carboxylate (29 g.) was added to a 
solution of S-methyltsothiourea sulphate (24 g.) in water (150 c.c.) containing potassium hydroxide (12 g.). The ester 
dissolved immediately and a solid was precipitated. After standing overnight this was filtered off and washed with 
water. It was then dissolved in sodium hydroxide solution, and the solution treated with charcoal, filtered, and acidified 
with acetic acid. The dried precipitate was crystallised first from f-ethoxyethanol and then from alcohol, giving 
4-hydroxy-2-methylthio-5 : 6-cyclohexenopyrimidine as colourless needles, m. p. 220—222° (yield, 4-7 g.) (Found : C, 55-3; 
H, 5-8; N, 14:0. C,H,,ON,S requires C, 55-1; H, 6-1; N, 14-3%). 

(b) Thiourea (16 g.) and ethyl cyclohexanone-2-carboxylate (34 g.) were added to a solution of sodium (12 g.) in 
methanol (300 c.c.) and refluxed for 54 hours. The mixture was then evaporated to dryness under reduced pressure, 
and the residue dissolved in water, treated with decolourising charcoal, and filtered. The filtrate was acidified with 
acetic acid and the precipitated product collected, washed with water, and dried. Crystallisation from f-ethoxyethanol 
gave 4-hydroxy-2-thiol-5 : 6-cyclohexenopyrimidine as colourless flat prisms, m. p. 314—320° (decomp.) (yield, 20-8 g.) 
(Found : C, 52-8; H, 5-2; N, 15-4. C,H, ,ON,S requires C, 52-75; H, 5-5; N, 15-4%). 

4-Hydroxy-2-thiol-5 : 6-cyclohexenopyrimidine (18-2 g.) was dissolved in 10% potassium hydroxide solution (50 c.c.) 
and methyl sulphate (15 g.) added to the solution in small portions, with shaking. The precipitate was filtered off, 
washed with water, and dried. Crystallisation from alcohol gave 4-hydroxy-2-methylthio-5 : 6-cyclohexenopyrimidine, 
m. p. 220—222° undepressed in admixture with material made by method (a) (yield, 11-15 g.). 

2-p-Chloroanilino-4-hydroxy-5 : 6-cyclohexenopyrimidine.—4-Hydroxy-2-methylthio-5 : (14:8 
g.) and p-chloroaniline (24 g.) were heated at 130—140° for 6 hours with stirring in the initial stages. ethylthiol was 
evolved and a homogeneous melt formed which gradually solidified. After cooling this was ground and refluxed with 
alcohol (200 c.c.) for 14 hours. The mixture was then cooled, filtered, and the residue washed with alcohol and dried 
(yield, 19-4 g.). The compound separated from B-ethoxyethanol as clusters of colourless prisms, m. p. 284—287° with 
previous darkening (Found: C, 60-6; H, 5-0; N, 15-1. C,,H,,ON,Cl requires C, 61-0; H, 5-1; N, 15-2%). 

4-Chlovo-2-p-chloroanilino-5 : 6-cyclohexenopyrimidine.—The above hydroxy compound (18-4 g.) and phosphoryl 
chloride (56 c.c.) were refluxed for 14 hours and the reaction mixture worked up as in the case of previous chloropyrim- 
idines. The product separated from alcohol as colourless plates, m. p. 137—138° (yield; 13-84 g.) (Found: N, 14-5; 
CG, 24-1. C,,H,,;N,Cl, requires N, 14:3; 242%). 

4-Hydvoxy-2-methylthio-5 : 6-cyclopentenopyrimidine.—S-Methylisothiourea sulphate (33 g.) and ethyl cyclopentanone- 
2-carboxylate (40 g.) were added to a solution of potassium hydroxide (15 g.) in water (100 c.c.). The ester quickly 
dissolved and the mixture was left for 2 days. The solid material was then collected and dissolved in sodium hydroxide 
solution, and the solution treated with charcoal. After filtration the solution was acidified with acetic acid and the 
precipitate filtered off, washed with water, and dried. Crystallisation from p-ethoxyethanol gave Me ae 
me Sane cee (3-5 g.) as colourless prisms, m. p. 270—272° (Found : C, 52-6; H, 5-2; N,15-3. C,gH,ON,S 
requires C, 52:8; H, 5-5; N, 15-4%). 

2-p-Chloroanilino-4-hydroxy-5 : 6-cyclopentenopyrimidine.—4-Hydroxy-2-methylthio-5 : clopentenopyrimidine (6 
g.) and p-chloroaniline (11 g.) were intimately mixed and heated at 130—140° for 24 hours. e product was powdered, 
boiled with alcohol (100 c.c.) for 3 hours, and filtered. The insoluble material was crystallised from f-ethoxyethanol- 
water giving the hydroxypyrimidine as colourless needles, m. p. 244—246° with previous darkening (yield, 6-35 g.) (Found : 
C, 60:1; H, 4:7; N, 15-7. C,,H,,ON,Cl requires C, 59-7; H, 4-6; N, 16-1%). 

: 6-cyclopentenopyrimidine, prepared from the above hydroxy compound and 
ey ee chloride (18 a crystallised from alcohol as colourless laminz, m. p. 151—152° (yield, 3-95 g.) (Found: 

, 14:7; Cl, 25-2. C,,;H,,N;Cl, requires N, 15-0; Cl, ti 
(V1; 


=Cl, R’ =H, R” = Me).—4-Hydroxy-2-methylthio-5- 
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methylpyrimidine (Wheeler and Merriam, Joc. cit.) (20-8 g.) and my vay vet (34 g.) were boiled in B-ethoxyethanol 
(50 c.c.) for 48 hours and the mixture worked up as described above for 2-p-chloroanilino-4-hydroxypyrimidine. The 
compound crystallised from acetic acid as colourless thin plates, m. p. 266—267° (yield, 26 g.) (Found: C, 55-6; H, 
4-5; N, 17-7. C,,H,9ON;Cl requires C, 56-05; H, 4-2; N, 17-8%). 

4-Chloro-2-p-chloroanilino-5-methylpyrimidine (VII; R = Cl, R’ = H, R” = Me), prepared by refluxing 2-p-chloro- 
anilino-4-hydroxy-5-methylpyrimidine (21 g.) and phosphoryl chloride (63 c.c.) for } hour and working up in the usual 
way, crystallised from B-ethoxyethanol as colourless prisms, m. p. 158—159° (yield, 13-9 g.) (Found: N, 16-0; Cl, 28-4. 
C,,H,N,Cl, requires N, 16-5; Cl, 28-0%). 

2-p-Chloroanilino-4-hydroxy-5-phenylpyrimidine (VI; R=Cl, R’ =H, R” = Ph).—4-Hydroxy-2-ethylthio-5- 
phenylpyrimidine (Wheeler and Bristol, Amer. Chem. J., 1905, 38, 460) (19-44 g.) and p-chloroaniline (29-9 g.) were heated 
at 130—140° for 6 hours, with stirring until the melt solidified. When cold, it was ground, refluxed with alcohol (150 
c.c.) for 14 hours, and filtered off. The compound was practically insoluble in all the usual organic solvents and was 
purified by dissolution in sodium hydroxide solution and yo ae ETS with acetic acid followed by boiling with p- 
<0. W 141%) It then had m. p. 328—330° (Found: C, 64-0; H, 4:1; N, 14-6. C,,H,,ON;Cl requires C, 64-5; H 

“0; 4: 

4-Chloro-2-p-chloroanilino-5-phenylpyrimidine (VII; R = Cl, R’ = H, R” = Ph), prepared by the action of phos- 
phoryl chloride (60 c.c.) on the preceding hydroxy compound (20 g.) for hour followed by working up in the usual way, 
crystallised from alcohol as colourless elongated prisms, m. p. 133—134° (yield, 15-35 g.) (Found: N, 13-1; Cl, 22-1. 
C,,H,,N,Cl, requires N, 13-3; Ci, 22-5%). 

2-p-A nisidino-4-hydroxy-5-phenylpyrimidine (VI; R=OMe, R’=H, R” = 
phenylpyrimidine (17-4 g.) and p-anisidine (18-45 g.) were boiled in B-ethoxyethanol (50 c.c.) for 21 hours. After cooling, 
the crystalline product was filtered off, washed well with hot alcohol, and dried (yield, 19-1 g.). It separated from acetic 
a = — lamine, m. p. 271—272° (Found: C, 69-3; H, 5-0; N, 14:5. C,,H,,0,N; requires C, 69-6; H, 5-1; 

(VII; R= OMe, R’ =H, R” = Ph), from 2-p-anisidino-4-hydroxy-5- 
phenylpyrimidine (17-15 g.) with phosphoryl chloride (45 c.c.), crystallised from alcohol as colourless needles, m. p. 
152° (yield, 11-65 g.) (Found: N, 13-4; Cl, 11-4. C,,H,,ON;Cl requires N, 13-5; Cl, 11-4%). 

2-p-Chlovroanilino-4-hydroxy-5-phenoxypyrimidine (V1; R=Cl, R’ =H, R” = OPh).—4-Hydroxy-2-ethylthio-5- 
phenoxypyrimidine (Johnson and Heyl, Amer. Chem. J., 1907, 37, 628) (11-6 g.) and p-chloroaniline (46 g.) were heated 
at 130—140° for 28 hours. The residue (solid when cold) was worked up as before giving the i ee which, 
after crystallisation from f-ethoxyethanol, had m. p. 240—242° (yield, 14:3 g.) (Found: C, 60-9; H, 3:8; 
N, 13-1. C,,H,,0,N,Cl requires C, 61-2; H, 3-8; N, 13-4%). 

(VII; R = Cl, R’ = H, R” = OPh).—2-p-Chloroanilino-4-hydroxy- 
ee mer (9-45 g.) and phosphoryl chloride (30 c.c.) were refluxed for 30 minutes. The resulting clear 
solution was poured on ice and the mixture made alkaline with ammonia. After stirring for 2} hours the supernatant 
liquid was decanted. The oily residue was dissolved in alcohol, the solution made alkaline with ammonia and poured 
into water, and the precipitate collected. The compound crystallised from aqueous alcohol as colourless ee m. p. 
112—113° (yield, 5-3 g.) eens : C, 58:1; H, 3-7; N, 12-6. C,,H,,ON,Cl, requires C, 57-8; H, 3-3; N, 12-65%). 
4-Dialkylaminoalkylaminopyrimidines.—The chloropyrimidine and the di laminoalkylamine (1-25 mols.) were 
heated at 125—135° for 8 hours with stirring. The resulting melt was dissolved in hot dilute hydrochloric acid and the 
solution made alkaline with sodium hydroxide. The base was then extracted with ether or chloroform and the extract 
shaken several times with 5% aceticacid. Alternatively, the solvent was removed by distillation and the residue extracted 
with 5% acetic acid. The base was liberated from the combined acetic acid extracts by the addition of sodium hydroxide 


-and again taken-into ether or chloroform. Evaporation of the dried solution left the base as a solid, or as an oil which 


usually crystallised when triturated with light petroleum (b. p. 40—60°). The substances which could not be obtained 
crystalline in this way, notably those containing the -diethylamino-a-methylbutyl side chain, were converted into their 
dihydrochlorides. The solid bases were purified by crystallisation from light petroleum. For biological testing the 
dihydrochlorides were usually prepared by dissolving the bases in hot 2N-hydrochloric acid and allowing the solution 
to cool, whereupon the salt normally crystallised out and was collected and dried. If the hydrochloride failed to separate 
on cooling the solution was evaporated to dryness under reduced pressure at 50—60° and the evaporation repeated with 
alcohol or alcohol—benzene to remove water and adhering hydrochloric acid; it was then purified by crystallisation from 
alcohol, alcohol—ethyl acetate, or alcohol—acetone. 

In addition to the substances contained in Table II the following were prepared by the same general method : 

2-p-Toluidino-4-8-diethylaminoethylaminopyrimidine, prepared from 4-chloro-2-p-toluidinopyrimidine (Johnson 
and Storey, Amer. Chem. J., 1908, 40, 143) and en eee ave a dihydrochloride which crystal- 
lised from alcohol—acetone as colourless prisms, m. p. 220—221° (Found: C, 52-1; H, 7:3; N, 17-5; Cl’, 18-3. 
requires C, 52-3; H, 7-4; N, 17-9; Cl’, 182%). 

2-p-A nisidino-4-B-diethylaminoethylamino-5-phenylpyrimidine, crystallised from light — (b. p. 100—120°) 
in clusters of colourless prisms, m. p. 158—159° (Found: C, 70-2; H, 7-4; N, 18-0. C,,H,,ON, requires C, 70-6; H, 
7-4; N,17-9%). The dihydrochloride separated from alcohol-ethyl acetate as crystals, m. p. 209—211° (Found: C, 
56-4; H, 6-2; N, 14-5; Cl’, 15:3. C,3H,gON,;,2HCI1,1-5H,O requires C, 56-2; H, 69; N, 14:3; Cl’, 145%). 
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75. The Anhydrides of Polyhydric Alcohols. Part II. Derivatives of 
1: 2-5: 6-Dianhydro Mannitol. 


By L. F. Wiccrns. 


By the action of cold sodium methoxide on 1 : 6-dichloro 3 :.4-monoacetone mannitol and 1 : 6-dichloro 
3: 4-ethylidene mannitol the monoacetone and the monoethylidene derivative of 1: 2-5: 6-dianhydro mannitol have 
been obtained. These compounds were extremely reactive and suffered ring fission under mild alkaline or 
acid conditions. 
4 ee of these compounds have been proved and some products of ring fission have been 
escribed. 
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Ir is well known that ethylene oxidic ring compounds, as exemplified by ethylene oxide itself, glycidol, or 
ethylene oxide anhydro bodies of the sugar series, are extremely reactive. Thus in the last class the ethylene 
oxidic ring can react additively with alkaline reagents such as sodium methoxide, ammonia, or hydrazine (see 
for example Peat and Wiggins, J., 1938, 1810; Robertson and Whitehead, J., 1940, 319) and with acidic 
reagents such as halogen acids (cf. Miiller, Ber., 1934, 67, 421; Peat and Wiggins, loc. cit.; Robertson and 
Dunlop, J., 1938, 472). 

It was envisaged that if difunctional substances of this type could be prepared then they would probably 
undergo ring scission with other difunctional compounds such as diamines or dibasic acids to give polymeric 
materials of some value. Such a compound would be 1: 2-5: 6-dianhydro mannitol (I) which possesses at 
each extremity of the molecule an ethylene oxide anhydro ring which would be available for reaction with suit- 
able difunctonal compounds. Although it has not yet been found possible to prepare 1 : 2-5 : 6-dianhydro 
mannitol itself yet two derivatives of this substance, namely 3: 4-monoacetone and 3 : 4-monoethylidene 
1: 2-5 : 6-dianhydro mannitol, have been obtained and it is with the preparation and proof of the constitution of 
these compounds that this paper is chiefly concerned. 


H,Cl H, H,-OH H,-OTs 
HO—C—H H HO—C—H AcO—C—H 
H—C—OH H—C—O ~Me H. ‘Me H Me H Me 
H H—C—OH H H—C—OH H—C—OAc 
H,> H,Cl H,> H,-OH H,-OTs 
(I.) (II.) (III.) (IV.) (V.) 
H,Cl H, H,-OMe H,OMe 
HO—C—H —H H,OMe HO—C—H HO—C—H 
—H —H —H ve 
— HMe — HMe sii — — e 
H—C—OH Ho H—C—OH H—C—OH H—C—OH 
H,Cl H H,OMe H,OMe H,-OMe 


(VI.) (VIL) (VIII) (IX.) (X.) 


1 : 6-Dichloro mannitol (Siwoliboff, Annalen, 1886, 233, 368; Haworth, Heath, and Wiggins, J., 1944, 155) 
gives on acetonisation three products consisting of (i) 1 : 6-dichloro monoacetone mannitol obtained in 70% 
yield, (ii) 1: 6-dichloro diacetone mannitol (m. p. 100—102°), and (iii) liquid isomeric 1 : 6-dichloro diacetone 


mannitol. The compounds (ii) and (iii) are new and probably differ in respect of the orientation of their - 


acetone groups, which are probably attached in one case to adjacent carbon atoms and in the other to alternate 
carbon atoms. The monoacetone derivative (i) was first prepared by Micheel (A mnalen, 1932, 496, 77) who assigned 
to it, without proof, the structure 1 : 6-dichloro 3 : 4-monoacetone mannitol (II). In the course of the follow- 
ing argument this contention is proved. On treatment of (II) with sodium methoxide a liquid was obtained, 
the analytical figures for which showed it to possess two anhydro rings and to be a dianhydro monoacetone 
mannitol. The anhydro rings in this compound were extremely labile and it underwent ring scission on boiling 
for a few hours with aqueous sodium hydroxide. In this way a product was obtained which after benzoylation 
in pyridine solution gave the 1 : 2: 5: 6-tetrabenzoy] 3 : 4-monoacetone mannitol of Brig] and Griiner (Ber., 1933, 
66, 933). Therefore the acetone group in Micheel’s 1 : 6-dichloro monoacetone mannitol and in the dianhydro 
compound derived from it must certainly be attached to C, and C,, and the former compound is correctly repre- 
sented by (II). It is clear therefore that in the dianhydro compound C,,C,,C,,and C,must be involved in anhydro 
ring formation. This being so, since the dianhydro compound is produced by hydrolysis of the halogen atoms 
attached to C, and C, each anhydro ring must also involve either C, or C, and therefore two possible structures 
for the anhydride are apparent: (a) 1: 2-5: 6-dianhydro 3:4-monoacetone mannitol, and (6) 1: 5-2: 6- 
dianhydro 3: 4-monoacetone mannitol. The first structure involves rings of the ethylene oxide type which 
are characterised by their greater activity, and the second involves rings of the pyran type which are consider- 
ably more stable. The actual properties of the dianhydro body strongly suggest (a) as the correct structure. 
Moreover atomic models show that (a) can exist but that it is impossible to build up structure (b). Therefore 
the correct structure of the dianhydro compound must be that of 1 : 2-5 : 6-dianhydro 3 : 4-monoacetone mannitol 
represented by (III). 

A second route to the synthesis of 1 : 2-5 : 6-dianbydro 3 : 4-monoacetone mannitol has been worked out 
and involves the following steps. Mannitol is readily converted into triacetone mannitol by the original 
method of Fischer (Ber., 1895, 28, 1167) and, on partial hydrolysis with 70% acetic acid, 3 : 4-monoacetone 
mannitol (IV) is obtained in 80% yield (see Wiggins, this vol., p. 13). Tosylation followed by acetylation gave 
1 : 6-ditosyl 2 : 5-diacetyl 3 : 4-monoacetone mannitol (V) which on treatment with four equivalents of sodium 
methoxide in the cold gave 1 : 2-5 : 6-dianhydro 3 : 4-monoacetone mannitol identical in respect of refractive 
index, b. p., and optical inactivity with the substance obtained from 1 : 6-dichloro 3 : 4-monoacetone mannitol. 

A second derivative of 1: 2-5 : 6-dianhydro mannitol, namely the 3 : 4-monoethylidene derivative, has been 
prepared as follows. 1 : 6-Dichloro mannitol on treatment with paraldehyde and a few drops of concentrated 
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sulphuric acid gave a mixture of three ethylidene derivatives of dichloro mannitol; (a) 1 : 6-dichloro diethylidene 
mannitol (m. p. 160°); (b) isomeric 1 : 6-dichlovo diethylidene mannitol (m. p. 195°); and (c) 1: 6-dichloro 
monoethylidene mannitol. 

The compound (c) on treatment with two equivalents of sodium methoxide in the cold gave dianhydro 
monoethylidene mannitol in practically quantitative yield. This dianhydro compound ‘also readily suffers 
ring fission on boiling with aqueous sodium hydroxide, to yield a crystalline monoethylidene hexitol, which 
must have retained the configuration of mannitol, since this was isolated on acid hydrolysis. Moreover this 
monoethylidene mannitol on treatment with lead tetra-acetate according to the procedure of Hockett and 
McClenahan (J. Amer. Chem. Soc., 1939, 61, 1667) rapidly consumed two equivalents of oxygen, thus revealing 
the presence of two glycol groups. The only allocation of the acetaldehyde residue which would account for 
this fact, and the fact that this substance has been derived from 1 : 6-dichloro mannitol, is to C, and C,; the 
compound is therefore 3 : 4-monoethylidene mannitol. It follows that (c) is 1 : 6-dichlovo 3 : 4-monoethylidene 
mannitol (V1). Furthermore the dianhydro body derived from this compound must have the constitution 
1: 2-5 : 6-dianhydro 3 : 4-monoethylidene mannitol (VII) for precisely the same reasons that this type of 
structure was allocated to the corresponding acetone derivative. 

In agreement with the expected properties of ethylene oxide anhydro rings both the monoacetone and 
monoethylidene derivatives of 1 : 2-5: 6-dianhydro mannitol readily suffered ring fission with either alkaline 
or acid reagents. Thus 1 : 2-5: 6-dianhydro 3°: 4-monoacetone mannitol on treatment with methyl alcoholic 
sodium methoxide under reflux gave a liquid dimethyl 3 : 4-monoacetone hexitol (A) which by analogy with the 
results of ring fission with sodium hydroxide must have retained the configuration of mannitol. Moreover, 
acid hydrolysis gave a crystalline dimethyl mannitol which, on methylenation with paraformaldehyde and 
concentrated sulphuric acid, gave 1 : 6-dimethyl 2 : 4-3 : 5-dimethylene mannitol identical with the product 
of methylation of 2 : 4-3 : 5-dimethylene mannitol (Haworth and Wiggins, J., 1944, 58) and which therefore 
must be 1 : 6-dimethyl mannitol (VIII). The substance (A) is then 1 : 6-dimethyl 3 : 4-monoacetone mannitol 
(IX). 

Similarly 1: 2-5: 6-dianhydro 3: 4-monoethylidene mannitol gave crystalline 1 : 6-dimethyl 3 : 4-mono- 
ethylidene mannitol (X) which on acid hydrolysis gives the same 1 : 6-dimethyl mannitol (VIII) as above described. 
1: 2-5: 6-Dianhydro 3 : 4-monoacetone mannitol on treatment with methyl alcoholic ammonia under pressure gave 
a liquid diamino monoacetone mannitol which by analogy with the result of the action of sodium methoxide 
on this anhydride must be 1 : 6-diamino 3 : 4-monoacetone mannitol. Similarly the anhydro rings were opened 
by means of methylamine, but in this case a resinous material was the only product obtained. On being heated 
with a diamine, for example, 1 : 6-diamino dimethylene mannitol, the dianhydride reacted extremely vigorously, 
and rapidly gave an insoluble resin. 1: 2-5: 6-Dianhydro 3: 4-monoacetone mannitol also underwent ring 
fission with acid reagents, so easily in fact that the anhydro rings opened in preference to the hydrolysis of the 
acetone residue. Thus after treatment of 1 : 2-5 : 6-dianhydro 3 : 4-monoacetone mannitol with hydrochloric 
acid in the cold both 1: 6-dichloro mannitol and 1 : 6-dichloro 3 : 4-monoacetone mannitol (II) were isolated. 
Similarly, hydriodic acid gave a di-iodo hexitol, proved to be 1 : 6-di-iodo mannitol since on methylenation 
it gave the 1 : 6-di-iodo 2 : 4-3 : 5-dimethylene mannitol of Micheel (Joc. cit.). With organic dibasic acids the 
dianhydride rapidly gave resinous products. Thus on its being heated for about a minute at 150—160° with 
phthalic acid the mixture rapidly resinified and a hard insoluble light brown resin was obtained. However, 
the resinous products here described had the disadvantage of thermal instability so that they usually darkened 
appreciably during the heat treatment. 


EXPERIMENTAL. 


Acetonisation of 1 : 6-Dichloro Mannitol.—1 : 6-Dichloro mannitol (100 g.) was suspended in acetone (2-5 1.) contain- 
ing 0-5% sulphuric acid and the mixture shaken for 24 hours. The acid was then neutralised with anhydrous sodium 
carbonate and the solution filtered and evaporated, whereupon the residue rapidly crystallised. After recrystallisation 
from benzene—petrol the product (82 g.) had m. p. 76° identical with that described by Micheel (loc. cit.). When no more 
crystals could be obtained the mother liquors were evaporated and the residual syrup distilled at 130—140° (bath temp.) / 
0:03 mm. The distillate (21-2 g.) partly crystallised and the crystals were drained on a porous tile. After recrystallis- 
ation from chloroform these had m. p. 100—102°, [a]}?° +16-1° in chloroform (c, 2-237), and were 1 : 6-dichloro diacetone 
mannitol (Found: C, 48-7; H, 6-5. C,,H,» O,Cl, requires C, 48-2; H, 6-7%). The liquid portion of the distillate was 
recovered by extraction of the porous tile with chloroform. Evaporation of the solvent gave a liquid (14-4 g.) which 
distilled at 130—140° (bath temp.)/0-03 mm. and showed n?” 1-4750, [a]}!” —5-4° chloroform (c, 3-69). This was an 
isomeric 1 : 6-dichloro diacetone mannitol (Found: C, 48-3; H, 6-7. C,,H,»O,Cl, requires C, 48-2; H, 6-7%). 

1 : 2-5 : 6-Dianhydro 3 : 4-Monoacetone Mannitol.—1 : 6-Dichloro 3 : 4-monoacetone mannitol (70 g.) was dissolved 
in chloroform (400 c.c.), and dry methyl alcohol (250 c.c.) containing sodium (14 g.) was added carefully at 0°. Thereafter 
the solution was allowed to warm up to room temperature and kept thereat for 4 hours. More chloroform was then added, 
the mixture washed with water, and the chloroform extract dried (MgSO,) and evaporated. The liquid product dis- 
tilled at 80—90° (bath temp.)/0-04 mm. (47 g.; 95% of the theoretical), n}® 1-4560, [a]p zero in chloroform (Found : 
C, 58:2; H, 7-6. C,H,,O, requires C, 58-0; H, 7-5%). 

1 : 6-Ditosyl 2: 5-Diacetyl 3: 4-Monoacetone Mannitol.—3 : 4-Monoacetone mannitol (21 g.) was dissolved in dry 
pyridine (400 c.c.) and tosyl chloride (38-5 g.; 2-05 mols.) carefully added at 0°. The mixture was left to warm to room 
temperature and kept thereat overnight. Acetic anhydride (80 c.c.) was then added and the mixture kept at room 
temperature for 48 hours. The solution was poured into water and the resulting mixture extracted with chloroform. 
The extract was washed successively with dilute sulphuric acid, sodium bicarbonate solution, and water, and was then 
dried (MgSO,) and evaporated to a syrup which partly crystallised on trituration with alcohol. After seperation the 
solid material was recrystallised from dtantent-oeiet: the compound then had m. p. 111—113°, [a}3?" +25-2° in 
chloroform (c, 2,778), yield 21 g. (Found: C, 52-5; H, 5-2. C.7H 340325, requires C, 52-8; H, 55%). 
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The Action of Cold Sodium Methoxide on 1 : 6-Ditosyl 2 : 5-Diacetyl 3 : 4-Monoacetone Mannitol.—The material (21 g.) 
was dissolved in chloroform (200 c.c.) and methyl alcohol, containing 3-6 g. of sodium dissolved in it, carefully added at 
0°. The mixture was left to warm to room temperature and kept thereat for 3 hours with occasional shaking. During 
this period a precipitate of sodium p-toluenesulphonate had separated. The mixture was then diluted with chloroform 
and washed with water, and the chloroform layer was dried (MgSO,). After evaporation of solvent a mobile liquid 
remained which distillled at 75° (bath temp.) /0-02 mm. (5-2 g.; 80% of the theoretical), n}§° 1-4552, [a]p zero (in chloro- 
form), a was 1 : 2-5 : 6-dianhydro 3 : 4-monoacetone mannitol (Found : C, 58-1; H, 7-3. Calc. forC,H,,0,: C, 58-0; 
H, 7°5%). 

Action of Sodium Hydroxide on 1 : 2-5 : 6-Dianhydro 3 : 4~-Monoacetone Mannitol.—The material (1-1 g.) was boiled 
for 12 hours with an aqueous solution of sodium hydroxide (20 c.c. containing 1-5 g.). The alkali was then neutalised 
with dilute sulphuric agid and the solution evaporated to dryness in the presence of barium carbonate. The residue was 
extracted with acetone and after evaporation of the extract a thick syrup (1-5 g.) was left which, however, was contamin- 
ated with inorganic impurities which prevented crystallisation. A portion (0-4 g.) was benzoylated by treatment at 
room temperature with benzoyl chloride (1-5 c.c.) in dry pyridine (10 c.c.). After being kept for 24 hours the solution, 
from which some pyridine hydrochloride had separated, was poured into water and the oily precipitate triturated with 
water and finally with alcohol when crystallisation occurred. The product was separated and recrystallised from alcohol 
and had m. p. 121—122° and [a]p —1-95° in chloroform (c, 7-041). It was 1: 2: 5: 6-tetrabenzoyl 3 : 4-monoacetone 
mannitol. M. p. in admixture with a specimen prepared from 3 : 4-monoacetone mannitol showed no depression. 

Treatment of 1: 6-Dichloro Mannitol with Paraldehyde.—1 : 6-Dichloro mannitol (40 g.) suspended in paraldehyde 
(350 c.c.) containing concentrated sulphuric acid (1 c.c.) was shaken overnight, after which the solution was diluted with 
chloroform, washed first with sodium bicarbonate solution and then with water, and dried (MgSO,). After evaporatin, 
the solution a syrup was obtained which partly crystallised. Crystals (8 g.) were separated and a residual syrup (Ay 
(34 g.) remained. The crystalline material had m. p. 140—150° and was fractionally crystallised with some difficulty ; 
two fractions were separated: (i) recrystallised from alcohol in large thin leaves (3-5 g.), m. p. 159—160°, [a]p 
+89-1° in chloroform (c, 3-21), and was 1 : 6-dichloro diethylidene mannitol (Found : C, 44-6; H, 6-0; Cl, 25-3. C,9H,,0,Cl, 
requires C, 44-2; H, 6-0; Cl, 26-2%); (ii) recrystallised from dilute alcohol, yield 0-3 g., ae a 195°, [a]p — 10-8° in chloro- 
form (c, 1-48), and was an isomeric 1 : 6-dichloro diethylidene mannitol (Found : C, 44:7; H, 5-6; Cl, 26-0%). 

The residual syrup (A) was distilled and collected in two fractions : fraction (1) at 130°/0-03 mm. (7 g.), and fraction 
2 at 130—135°/0-03 mm. (26-2 g.). Fraction (1) partly crystallised but only a small amount (0-5 g.) of substance B having 
a sharp m. p. was obtained. Fraction (2) also partly crystallised and after recrystallisation from ethyl acetate—petrol 
many times a pure compound (C) (10-5 g.) was obtained, m. p. 92—94°, [a]?” +28-7° in chloroform (c, 2-23). It was 
1 : 6-dichloro 3 : 4-monoethylidene mannitol (Found: C, 39-5; H, 5-7; Cl, 28-4. C,H,,0,Cl, requires C, 39-5; H, 57; 
Cl, 29-2%). (The mother liquors from the recrystallisation yielded a partly crystalline material from which only small 
amounts of substances (B) and (C) could be separated.) 

1 : 2-5 : 6-Dianhydro 3 : 4-Monoethylidene Mannitol.—1 : 6-Dichloro 3 : 4-monoethylidene mannitol (6 g.) was dis- 
solved in chloroform (75 c.c.), and dry methyl alcohol (35 c.c.) containing 1-35 g. of sodium was added at 0°. The mix- 
ture was kept for 4 hours at room temperature with occasional shaking. A precipitate of sodium choride separated. 
The mixture was then diluted with water and extracted with chloroform, and the chloroform extract dried MgSOy), 
and evaporated. The liquid product distilled at 85—90° (bath temp.) /0-04 mm. (3-7 g.; 91% of the theoretical), »}} 
1-4600, +15-1° in chloroform (c, 3-45) (Found: C, 55-8; H, 7:1. C,H,,0, requires C, 55-8; H, 7-1%). 

The Action of Sodium Methoxide on 1: 2-5 : 6-Dianhydro 3: 4-Monoethylidene Mannitol.—The material (0-93 J 
was dissolved in methyl] alcohol (20 c.c.) containing sodium (1 g.) dissolved in it and the mixture boiled under reflux for 
12 hours. Thereafter the solution was extracted with chloroform, and the extract washed with water, dried (MgSO,), 
and evaporated. The syrupy product distilled at 150° (bath temp.)/0-005 mm. as a thick colourless oil (0-6 g.), nit 
14643. On standing at 0° the distillate completely crystallised and, recrystallised from ether—light petroleum, formed 
needles, m. p. 59—60°, [a]}7" +33-5° in chloroform (c, 2-083). It was 1 : 6-dimethyl 3 : 4-monoethylidene mannitol (Found : 
C, 51-2; H, 8-6. C,H. O, requires C, 50-8; H, 8-5). 

_ Hydrolysis of 1 : 6-Dimethyl 3 : 4-Monoethylidene Mamnitol.—1 : 6-Dimethyl monoethylidene mannitol (0-25 g.) was 
dissolved in n-sulphuric acid (15 c.c.) and heated at 100° for 6 hours. The solution was neutralised with barium car- 
bonate, filtered, the barium residues washed with hot water, and the combined filtrates evaporated to dryness under 
diminished ——. The residue was extracted with ethyl acetate and the extract pe nro A crystalline residue 
remained which after recrystallisation from ethyl acetate (0-2 g.), had m. p. 128—129°, alone or in admixture with 1 : 6- 
dimethyl mannitol prepared from the corresponding monoacetone derivative (below). ‘ 

The Action of Sodium Hydroxide Solution on 1 : 2-5 : 6-Dianhydro 3 : 4~Monoethylidene Mannitol.—The dianhydride 
(1°2 g.) was dissolved in water containing sodium hydroxide (1 g.) and the solution boiled over a gauze for 20 hours. It 
was nearly neutralised with sulphuric acid and evaporated to dryness under diminished pressure. The dried residue 
was extracted with acetone and the extract evaporated. A crystalline mass remained (0-6 g.); this was recrys 
twice from ethyl acetate-alcohol. 3: 4-Monoethylidene mannitol thus obtained had m. p. 107—109° and [a]}® +37-7° 
in water (c, 1-324) (Found: C, 46-5; H, 7-4. C,H,,O, requires C, 46-2; H, 7°7%). —_— 

Acid Hydrolysis of 3: 4-Monoethylidene Mannitol.—The material (0-2 g.) was dissolved in 10 c.c. of N-sulphuric acid 
and the mixture heated at 100° for 6 hours. The acid was then neutralised with barium carbonate, the solution filtered, 
the residue well washed with hot water, and the combined filtrate and washings evaporated to dryness. The residue was 
extracted with hot alcohol from which crystals (0-1 g.) of mannitol were deposited, m. p. alone or in admixture with an 
authentic sample 165—166°. 

The Action of Lead Tetra-acetate on 3 : 4-Monoethylidene Mannitol.—The procedure used was that of Hockett and 
McClenahan (loc. cit.). The reaction of 0-0005 mols. of the material with eanibend lead tetra-acetate solution proceeded 
as follows : 0-25 (3 mins.) ; 0-51 (17 mins.); 0-97 (43 mins.); 1-31 (99 mins.); 1-69 (185 mins.); 1-97 (324 mins.) ; 2-03 
(404 mins.) g.-atoms of oxygen per g.-mol. of monoethylidene mannitol. 

The Action of Sodium Methoxide on 1: 2-5: 6-Dianhydro 3: 4-Monoacetone Mannitol.—Dianhydro monoacetone 
mannitol (1 g.) was dissolved in dry methyl alcohol (20 c.c.) and 10% methyl alcoholic sodium methoxide (20 c.c.) added. 
The mixture was boiled under refiux for 6 hours, the solution extracted with chloroform, and the extract washed with 
water, dried (MgSO,), and evaporated to a syrup. The product distilled at 130—135° (bath temp.) /0-02 mm. as a fairly 
mobile liquid (0-9 g.) showing n}€ 1-4575 and [a]}° +26-0° in chloroform (c, 1-308) and was 1 : 6-dimethyl 3 : 4-mono- 
acetone mannitol (Found: C, 53-5; H, 9-0; OMe, 24-0. C,,H,,O, requires C, 52-8; H, 8:8; OMe, 248%). 

1 : 6-Dimethyl Mannitol.—1 : 6-Dimethyl 3: 4-monoacetone mannitol (0-9 g.) was heated with n-sulphuric acid 
(20 c.c.) on a boiling water-bath for 4 hours. The acid was then neutralised with barium carbonate, and the solution 
filtered and evaporated to dryness. The residue was extracted with hot ethyl acetate and the extract evaporated to 
small bulk; 1 : 6-dimethyl mannitol then crystallised in small prisms (0-67 g.). It was soluble in water and alcohol, 
slightly soluble in ethyl acetate, insoluble in chloroform and ether, and had m. p. 127—129°, [a]}}/- +17-0° in chloroform 
(c, 1-644) (Found : C, 46-0; H, 8-7; OMe, 29-8. C,H,,O, requires C, 45-7; H, 8-6; OMe, 29-5%). 


ene 
oro 
Iro 
ers 
ich 
his | 
nd 
ing | 
for 
che 
ion | 

of 

nd 
ine 

lic | 
he 
er, 
nd | 
ict 

ore 

tol 
10- | 
ve 

de | 
ed | 
ed 
ly, | 
ng 

he 

ric 

on 3 
he 

ith 

er, | 
ed 

in- 
am 

ion | 
ore 
lis- 

ne 
vas 

ich | 
an 
red | 
ter | 
ed, 

lis- 
a: 

lry 
om 

om 
m. 
en 

he 
in 


388 Wiggins: The Anhydrides of Polyhydric Alcohols. Part III. 


1 : 6-Dimethyl 2 : 4-3 : 5-Dimethylene Mannitol.—1 : 6-Dimethyl mannitol (0-32 g.) was mixed with paraformaldehyde 
(1 g.) and the mixture stirred with concentrated sulphuric acid (0-5 c.c.) until it had cooled to room temperature when 
chloroform was added and the mixture shaken overnight. The chloroform extract was decanted, fresh chloroform 
added, and the mixture shaken for an hour and the extract again separated. The combined extracts were washed with 
dilute ammonia and with water, dried (MgSO,), and evaporated. The residue was recrystallised from ether-light 
petroleum in plates (0-21 g.), m. p. alone or in admixture with an authentic specimen prepared by the method of Haworth 
and Wiggins (loc. cit.), 64—65°. 

Ring Fission of 1: 2-5: 6-Dianhydro 3:4-Monoacetone Mannitol with Ammonia.—The dianhydride of mannitol 
(0-8 g.) was dissolved in methyl alcohol, saturated with ammonia at 0° (70 c.c.), and the solution heated in a sealed tube 
at 120° for 20 hours. After evaporation of the solvent a thick syrup was left which was 1 : 6-diamino 3 : 4-monoacetone 


- mannitol (Found: C, 49-3; H, 8-6. C,H,,.0,N, requires C, 49-1; H, 9-0%). 


The product was a thick colourless liquid soluble in water or alcohol and slightly soluble in ethyl acetate. On attempt- 
ing to distil the diamine only a very small proportion distilled at 180° (bath temp.)/0-04 mm. and as the heating was 
continued the residue became thicker and finally set to a glass. 

Treatment of 1 : 2-5 : 6-Dianhydro 3 : 4-Monoacetone Mannitol with 1 : 6-Diamino Dimethylene Mannitol.—The diamine 
(0-5 g.) was dissolved in the dianhydride (0-5 g.) and the mixture heated on an oil-bath to 150—160° when a vigorous 
and exothermic reaction occurred, the reactants darkening appreciably and resinifying in a few seconds. The resin 
obtained was insoluble in all the usual solvents. 

The Action of Acids on 1 : 2-5 : 6-Dianhydro 3 : 4-Monoacetone Mannitol.—(a) Hydrochloric acid. The dianhydride 
(1 g.) was dissolved in aqueous acetone (50 : 50) containing 1% hydrochloric acid and the mixture left at room temper- 
ature for 3 hours. During this period the rotation changed as follows: [a]p +10-0° (5 mins.); +38-0° (2 hrs.); +38-0° 
(3 hrs.). The solution was thereafter neutralised with silver carbonate, filtered, and evaporated to dryness. The 
residue was partly crystalline and, after separation, the solid material recrystallised from water had m. p. 174° and was 
1 : 6-dichloro mannitol. The m. p. was not depressed in admixture with an authentic specimen. The residual syrupy 
material (0-8 g.) distilled at 135—140° (bath temp.) /0-01 mm. and showed nj” 1-4809. Yield, 0-7 g. (Found : Cl, 22-3%). 
The distillate partly crystallised and, after drying on a porous tile, the solid material recrystallised from benzene had 
m. p. 86° and was | : 6-dichloro 3 : 4-monoacetone mannitol. Yield 0-2 g. There was no depression of m. p. when the 
product was mixed with authentic 1 : 6-dichloro 3 : 4-monoacetone mannitol. 

(6) Hydriodic acid. The dianhydride (1 g.) was heated for 3 hours at 100° with 4% hydriodic acid (100 c.c.). The 
solution was evaporated to half the original: volume when a crystalline material (0-32 g.) separated in flat plates. The 
product, recrystallised from water, formed yellow plates, m. p. 165—167° (decomp.). It was 1 : 6-di-iodo mannitol 
(Found: C, 18-7; H, 3-4. C,H,,0,I, requires C, 17-9; H, 3-0%). 

Methylenation of 1 : 6-Di-iodo Mannitol.—The di-iodo mannitol (0-3 g.) was suspended in 38% formalin (2 c.c.) and the 
mixture cooled to 0° and saturated with hydrogen chloride. The original material dissolved and 1 : 6-di-iodo dimethylene 
mannitol separated in crystals which were collected and recrystallised from alcohol. Yield, 0-2 g., m. p. 193° alone or in 
ee a oe *; imen prepared by the method of Micheel (/oc. cit.) (Found: C, 22-6; H, 3-0. Calc. for 

sttie a: C, 22-5; H, 28%). 

Condensation of 1: 2-5 : 6-Dianhydro 3 : 4-Monoacetone Mannitol with Dibasic Acids.—Phthalic acid. The mannitol 
dianhydride (0-5 g.) was mixed with phthalic acid (0-45 g.) and the mixture heated carefully on an oil-bath at 180—200°. 
The phthalic acid dissolved, the solution rapidly becoming thicker and finally setting toa gel. If the heating is stopped 
before the gel stage is reached, fibres can be drawn from the cooling melt; they, however, are brittle. The cooled 


product set to a hard resinous mass, which was only very slightly soluble in organic solvents. The material began to 
melt at 160° and finally melted at 235°. 


The author wishes to express his thanks to Professor W. N. Haworth for his interest in this work and to Imperial 
Chemical Industries, Ltd. (Dyestuffs Division), for financial aid. 
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76. The Anhydrides of Polyhydric Alcohols. Part III. Derivatives of 
5: 6-Anhydro Mannitol and Sorbitol. 


By L. F. 


5 : 6-Anhydro 1 : 3-2 : 4-diethylidene sorbitol and 5: 6-anhydvo 1: 2-3: 4-diacetone mannitol have been 
prepared. These —o bodies readily suffer ring fission through the agency of ammonia giving rise to 
6-amino 1 : 3-2 : 4-diethylidene sorbitol and 6-amino 1 : 2-3 : 4-diacetone mannitol. 


WE have recently been interested in amino-derivatives of the polyhydric alcohols sorbitol and mannitol 
derived from sucrose, and a diamine, 1: 6-diamino 2: 4-3: 5-dimethylene mannitol, has been described 
(Haworth, Heath, and Wiggins, J., 1944, 155). Two new amino-compounds have now been obtained from 
intermediate ethylene oxide anhydro derivatives of mannitol and sorbitol, namely 5 : 6-anhydro 1 : 3-2 : 4- 
diethylidene sorbitol and 5 : 6-anhydro 1 : 2-3 : 4-diacetone mannitol. 

Selective tosylation followed by acetylation of 1 : 3-2 : 4-diethylidene sorbitol gave a compound which is 
designated as 6-tosyl 5-acetyl 1 : 3-2 : 4-diethylidene sorbitol for the following reasons. It is generally recog- 
nised that primary hydroxyl groups react faster than secondary hydroxyl groups with tosyl chloride. For 
example, tosylation of 1: 2-monoacetone glucose gives 6-tosyl 1: 2-monoacetone glucose (Ohle and Dick- 
hauser, Ber., 1925, 58, 2593), and tosylation of 1: 2-monoacetone xylose gives 5-tosyl 1 : 2-monoacetone 
xylose (Levene and Raymond, J. Biol. Chem., 1933, 102, 317). Moreover, 6-tosyl 5-acetyl 1 : 3-2 : 4-diethyl- 
idene sorbitol reacts readily with sodium iodide in acetone solution giving an 80% yield of sodium p-toluene- 
sulphonate, although the iodo compound produced could not be obtained crystalline. However, the prefer- 
ence of the tosyl group for the hydroxyl group on C, was not complete since some 5 : 6-ditosyl 1 : 3-2 : 4- 
diethylidene sorbitol * was sometimes obtained as well. Detosylation of 6-tosyl 5-acetyl diethylidene sorbitol 
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with sodium methoxide led to the formation of 5 : 6-anhydro 1 : 3-2 : 4-diethylidene sorbitol,* an analogue of 
that most reactive compound of the sugar series, 5 : 6-anhydro 1 : 2-monoacetone glucofuranose (Ohle and 
v. Vargha, Ber., 1929, 62, 2440). The only other ethylene oxide anhydro compounds of the hexahydric 
alcohols are 5 : 6-anhydro 1-tosyl 2 : 4-benzylidene sorbitol (v. Vargha, Ber., 1935, 68, 1377) and the dianhydro 
compounds of mannitol described in Part II (preceding paper). 

The orientation of the ethylidene residues in diethylidene sorbitol, by analogy with the corresponding 
dimethylene (Ness, Hann, and Hudson, J. Amer. Chem. Soc., 1944, 66, 665; Bourne and Wiggins, /., 1944, 
517) and dibenzylidene compounds (Hann and Hudson, J. Amer. Chem. Soc., 1942, 64, 493) and from the 
results of the oxidation experiments of Gatzi and Reichstein (Helv. Chim. Atta, 1938, 21, 186), are probably 
attached to C,: C, and C,: C,, and 5: 6-anhydro diethylidene sorbitol may be written as (I). 


M H M O-CH 
H, H, Me>C _H M <o —H 
MeCH, H—(—O\. 


MeCH, —H —H 
—H )CHMe \o—C—H >CHMe Me Me 


H—¢—OH H | H—C—OH 
H,‘NH, H,NH, 
(I.) (II.) (IITI.) (IV.) 


Ring fission of the 5 : 6-anhydro diethylidene sorbitol with methyl alcoholic ammonia gave a well crystallised 
amine which can be described as 6-amino 1 : 3-2 : 4-diethylidene sorbitol (II), since an ethylene oxide anhydro 
ring which involves a primary carbon atom opens in such a way that the entering anion becomes attached 
to that carbon atom. For example, ring scission of 5: 6-anhydro 1: 2-monoacetone glucose with various 
reagents, including ammonia, invariably gives derivatives of monoacetone glucose substituted in the 6-position 
(Ohle and Mertens, Ber., 1935, 68, 2176; Ohle and Euler, Ber., 1936, 69, 1022; Ohle, Euler, and Malerczyk, 
Ber., 1936, 69, 1636). 

A similar series of reactions has been carried out with a derivative of mannitol and a new amino derivative 
of this polyhydric alcohol isolated. 

It is known that triacetone mannitol (Fischer, Ber., 1895, 28, 1167) can be partially hydrolysed to 1 : 2-3: 4- 
diacetone mannitol (Irvine and Patterson, J., 1914, 898; Wiggins, this vol., p. 13). This compound, on 
selective tosylation followed by acetylation, gives 6-tosyl 5-acetyl 1 : 2-3 : 4-diacetone mannitol. That the tosyl 
group is indeed attached to the 6-position of the mannitol molecule follows from the fact that the compound 
reacts with sodium iodide in acetone with formation of sodium p-toluenesulphonate in 90% yield. 

On treatment of 6-tosyl 5-acetyl 1 : 2-3 : 4-diacetone mannitol with sodium methoxide at room temper- 
ature, liquid 5: 6-anhydro 1: 2-3: 4-diacetone mannitol (III) was formed. As with the sorbitol anhydride 
described above, ring fission of this compound was readily effected by methyl alcoholic ammonia giving 6-amino 
1: 2-3 : 4-diacetone mannitol (IV), isolated as a monohydrate. The amino group is considered to be attached 
to the 6-position of the mannitol molecule, for the same reasons as were given for the structure of 6-amino 
diethylidene sorbitol; the terminal position of the amino-group in (IV) is more rigorously proved by the fact 
that hydrolytic removal of the acetone residues gave l-amino mannitol, which, isolated as its oxalic acid 


salt, was identical with a specimen of l-amino mannitol oxalate prepared from mannose oxime provided by 
Dr. R. L. Heath. . 


EXPERIMENTAL. 


Tosylation of 1 : 3-2 : 4-Diethylidene Sorbitol—Diethylidene sorbitol (8-4 8.) prepared by the method of Appel (J., 
1935, 425) was dissolved in dry pyridine (50 c.c.) and the solution cooled to 0°; tosyl chloride (7-5 g.) was added over 
tle period of 1 hour. The mixture was left to warm to room temperature slowly and to remain thereat for 24 hours. 
Acetic anhydride (12 c.c.) was then added and the mixture set aside for a further 24 hours. On being poured into ice- 
water a semi-solid mass was precipitated. This mixture was extracted into chloroform and the chloroform solution 
was washed successively with 5% sulphuric acid, dilute sodium bicarbonate solution, and water, and then dried (MgSO,). 
The chloroform was removed under diminished pressure, leaving a crystalline mass (14-5 g.). This, recrystallised from 
ethyl alcohol, gave 6-tosyl 5-acetyl 1 : 3-2 : 4-diethylidene sorbitol (10-5 g.), m. p. 140°, [a]}v" + 6-0° in chloroform (c, 1-664) 
(Found: C, 53-0; H, 6-2. C,,H,,O,S requires C, 53-0; H, 60%). The products of some preparations were found 
to melt at 128—131°. These products were contaminated with 5 : 6-ditosyl diethylidene sorbitol which could be isolated 
by fractional crystallisation or after removal of the monotosyl compound by its conversion into 5 : 6-anhydro diethylidene 
p. 173°, [aJp — 12-6° in chloroform (c, 2-065) (Found: C, 53-7; H, 5-7. Calc. for : 

Treatment of 6-Tosyl 5-Acetyl 1 : 3-2 : 4-Diethylidene Sorbitol with Sodium Methoxide.—6-Tosy] 5-acetyl diethylidene 
sorbitol (10 g.) was dissolved in chloroform (100 c.c.); methyl alcohol (20 c.c.), containing sodium (1 - 2 g.), was added 
and the mixture shaken for 15 minutes at room temperature. Water and oroform were added, and the chloroform 
layer separated, washed with water, and dried (MgSO,). After the chloroform had been removed a syrup remained 
which rapidly crystallised. Recrystallised from ethyl acetate-light petroleum, 5 : 6-anhydro 1 : 3-2 : 4-diethylidene 
for Cott wow cy owe p. 136°, [a}}7° — 7-3° in chloroform (c, 1-23). Yield, 2-5 g. (Found: C, 55-6; H, 7-4. Calc. 
or C, 55:6; H, 7-4%). 

Treatment of 6-Tosyl 5-Acetyl 1 : 3-2: 4-Diethylidene Sorbitol with Sodium Iodide in Acetone.—The material (1 g.) 
was dissolved in dry acetone (30 c.c.) containing dry sodium iodide (1 g.) in solution. The solution was heated in a 


* Since this work was completed, these compounds have been described by v. Vargha and Puskas (Ber., 1943, 76, 879) 
and W. L. Sullivan (J. Amer. Chem. Soc., 1945, 67, 387). 
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sealed tube at 100—110° for 5 hours, when crystals of sodium -toluenesulphonate separated and after cooling these 
were filtered off. Yield, 0-36 g. (80% of the theoretical). 

The filtrate was evaporated to dryness and extracted with chloroform, and the extract wds washed with sodium 
thiosulphate solution and with water, dried (MgSO,), and evaporated to a syrup. This contained iodine but could 
not be induced to crystallise. 

6-Amino 1 : 3-2 : 4-Diethylidene Sorbitol.—5 : 6-Anhydro diethylidene sorbitol (2-7 g.) was heated at 115° for 24 hours 
under pressure with methyl alcoholic ammonia (80 c.c. ; saturated at 0°). The solution was thereafter evaporated under 
diminished pressure, and the residue recrystallised from ethyl acetate. It was 6-amino 1 : 3-2 : 4-diethylidene sorbitol, 
m. p. 156—157°, [a]}’ + 4-3° in chloroform (c, 1-38). Yield, 2-1 g. (Found: C, 51-5; H, 8-0; N, 66. C,).H,,0,N 
requires C, 51-5; H, 8-1; N, 6-0%). 

6-Tosyl 5-Acetyl Diacetone Mamnnitol.—1 : 2-3 : 4-Diacetone mannitol (10 g.) (this vol., P: 13) was dissolved in dry 
pyridine (100 c.c.) and tosyl chloride (10 g.) added at 0°, and the mixture allowed to stand for 48 hours at room tem- 
perature. Acetic anhydride (20 c.c.) was then added, and the solution was left for 72 hours, poured into water, left 
for several hours more, and then extracted with chloroform. The extract was washed successively with 5% sulphuric 
acid, sodium bicarbonate solution, and water, and was then dried (MgSO,). Evaporation of the solvent gave a crystalline 
residue which was recrystallised from methyl alcohol and was 6-tosyl 5-acetyl 1 : 2-3 : 4-diacetone mannitol, m. p. 106°, 
[a]? + 15-4° in chloroform (c, 2-08). Yield, 5-2 g. (Found: C, 55-8; H, 6-6. C,,H3,0,S requires C, 55-0; H, 6-5%). 

Treatment of 6-Tosyl 5-Acetyl 1 : 2-3: 4-Diacetone Mannitol with Sodium Iodide in Acetone.—The material (1 g.) 
together with dry sodium iodide (1 g.) was heated in dry acetone (30 c.c.) in a sealed tube at 105—110° for 2} hours. 
Crystals of sodium p-toluenesulphonate separated and, after cooling, were collected and washed with a little dry acetone, 
Yield, 0-41 g. (90% of the theoretical). The filtrate was evaporated to dryness and taken up in a chloroform—water 
mixture. The chloroform layer was separated, washed first with dilute sodium thiosulphate solution and finally with 
— ane dried (MgSO,). Evaporation of the chloroform left a syrup which contained iodine but which would not 
crystallise. 

5 : 6-Anhydro 1 : 2-3 : 4-Diacetone Mannitol.—6-Tosyl 5-acetyl diacetone mannitol (5-2 g.) was dissolved in chloro- 
form, and methyl alcohol containing sodium (0-6 g.) was added. The mixture was left, with occasional shaking, for 
3 hours at room temperature, and was then diluted with water and extracted with chloroform. The chloroform extract 
was washed with water, dried (MgSO,), and evaporated. The compound was a liquid which distilled at 100—110°/0-04 mm. 
(bath temp.), n}" 1-4468, [a]?0° + 12-4° in chloroform (c, 1-603). Yield, 2-4 g. (Found: C, 58-5; H, 8-2. C,,H.O, 
requires C, 59-0; H, 8-2%). 

6-Amino 1 : 2-3 : 4-Diacetone Mannitol.—5 : 6-Anhydro diacetone mannitol (2-2 g.) was heated for 24 hours at 120° 
in a sealed tube with methyl alcoholic ammonia (80 c.c.; saturated at 0°). The solution was evaporated to dryness 
and the resulting syrup crystallised by trituration with ether. The material recrystallised from methyl alcohol—benzene- 
light petroleum in fine needles, m. p. 152°, [a]? + 14-8° in chloroform (c, 1-356). Yield, 1-5 g. The substance was 
6-amino 1 : 2-3 : 4-diacetone mannitol crystallising as a monohydrate (Found: C, 52-1; H, 8-9; N, 4-7. C,,H,;0;N,H,O 
requires C, 51-6; H, 8-9; N, 50%). 

1-Amino Mannitol Oxalate—6-Amino diacetone mannitol (0-8 g.) was heated for 4 hours at 100° with 50% aqueous 
acetone (100 c.c.) containing 2% hydrochloric acid. Thereafter the solution was made neutral by shaking with silver 
carbonate, filtered with charcoal, the precipitate washed with water, and the filtrate evaporated. A colourless syrup 
was obtained which, on treatment with the theoretical amount of oxalic acid dissolved in a small amount of water, 
gave on evaporation a crystalline residue of l-amino mannitol oxalate which recrystallised from methyl alcohol in 
small prisms, m. p. 183°. Mixed m. p. with l-amino mannitol oxalate (prepared from mannose oxime by Dr. R. L. 
Heath) showed no depression. Yield, 0-35 g. 


A. E. Hitts Lasoratorizs, THE UNIVERSITY, EDGBASTON, BIRMINGHAM. [Received, November 16th, 1945.] « 


77. The Anhydrides of Polyhydric Alcohols. Part IV. The Constitution of 
Dianhydro Sorbitol. 


By R. Montcomery and L. F. WiaGIns. 


The constitution of dianhydro sorbitol (also known as isosorbide) is shown through its synthesis from 
3 : 6-anhydro glucose and the synthesis of its dimethyl] derivative from 3 : 6-anhydro 2 : 5-dimethyl glucofuranose 
to be that of 1 : 4-3 : 6-dianhydro sorbitol. 


SORBITOL, on being heated with acidic reagents, readily loses two molecules of water to form a crystalline 
dianhydro sorbitol. Several references to such an anhydride of sorbitol appear in the literature but it does not 
seem to have been described very clearly. Miiller and Hoffmann (U.S.P., 1,757,468, 1928) describe mono- 
anhydro and dianhydro sorbitol as liquids but do not describe the crystalline dianhydride. Bell, Carr, and 
Krantz (J. Phys. Chem., 1940, 44, 862) describe experiments with crystalline dianhydro sorbitol (which they 
also call isosorbide) but give no preparation. In fact these authors, by the similarity of its behaviour to that 
of dianhydro mannitol, at that time believed to have the 1 : 4-3 : 6-structure which has since been proved to 
be so (Wiggins, J., 1945, 4), suggested that it too had the 1 : 4-3 : 6-structure.* 

We have prepared the substance in a very similar manner to that used for dianhydro mannitol (Wiggins, 
loc. cit.) but the yield of dianhydride was almost twice as great as that of the mannitol compound. The 
dianhydrides of mannitol and sorbitol are similar in both chemical and physical properties. They crystallise in 
the same form, and their m. ps. are of the same order (dianhydro sorbitol, m. p. 61—63° ; dianhydro mannitol, 
m. p. 86— 87°). They are both very soluble in water, and crystallise from ethyl acetate. Both are extremely 


* Since our work was completed it has come to our notice that other workers (Hockett, Fletcher, Soltzberg, and 
Goepp, paper read at the Detroit meeting of the American Chemical Society, 1943; Fletcher and Goepp, J. Amer. Chem. 
ae 67, 1042) have adduced different and additional evidence for the 1: 4-3 : 6-ring structure of dianhydro 
sorbitol. 
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stable to alkaline reagents and can be recovered unchanged after being heated with sodium methoxide or 
methyl alcoholic ammonia under pressure. Neither reacts with lead tetra-acetate or benzaldehyde, showing 
that the two hydroxyl groups are relatively far apart. The anhydro rings of both undergo cleavage with 
acid reagents, hydrochloric acid with dianhydro sorbitol giving 1 : 6-dichloro sorbitol, isolated as its dimethylene 
derivative, a fact which shows that the primary carbon atoms are involved in the rings.. Proof that the con- 
stitution of dianhydro sorbitol was indeed precisely analogous to that of dianhydro mannitol was accomplished 
by the following synthetic methods. 

The first step in proving that dianhydro sorbitol had its oxide rings in the 1 : 4 and 3 : 6-positions was to 
establish the presence of at least one hydrofuranol ring. This was done by a synthesiS of dianhydro sorbitol 
from 3 : 6-anhydro glucose (I) the constitution of which has been already proved. 3: 6-Anhydro glucose was 
hydrogenated over Raney nickel to give an excellent yield of crystalline 3 : 6-anhydro sorbitol (II), the catalytic 
procedure being a distinct improvement on the sodium amalgam reduction originally used by Fischer and Zach 
(Ber., 1912, 45, 2068). 

This 3: 6-anhydro sorbitol was then selectively tosylated at C, and, after acetylation, liquid 1-tosyl 
2:4: 5-triacetyl 3 : 6-anhydro sorbitol was isolated. That the tosyl group was indeed attached to a primary 
hydroxyl group was indicated by the fact that the compound on treatment with sodium iodide in acetone 

* solution gave an 80% yield of sodium p-toluenesulphonate. 
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The 1-tosyl compound was then treated with sodium methoxide, which detosylates and deacetylates the 
substance, and dianhydro sorbitol was obtained, thus proving that the 3: 6-anhydro ring must be present. 
Moreover, 3 : 6-anhydro sorbitol, by distillation with a trace of concentrated sulphuric acid, could also be trans- 
formed into dianhydro sorbitol which was identified as its ditosyl derivative. This second method of con-’ersion 
of 3 : 6-anhydro sorbitol into dianhydro sorbitol does not, however, constitute a proof of the presence of the 
3 : 6-anhydro ring, since it is known that this type of ring (see J., 1945, 4) can be opened by acid reagents 
and should this happen there is always the possibility that it may close again in a different direction. 

Clearly, therefore, the proof that dianhydro sorbitol contains the 3 : 6-anhydro ring limits its structure to 
two possibilities; 1 : 4-3 : 6- (III) and 1: 5-3 : 6- (IV) dianhydro sorbitol. (The 1 : 2-3 : 6- structure is elimin- 
ated by the fact that the substance is stable to sodium methoxide and to ammonia under quite drastic con- 
ditions.) The fact that dianhydro sorbitol does not react with benzaldehyde is evidence against (IV), for in 
such a molecule the hydroxyls on C, and C, should approach near enough to permit of such a condensation. 
To make a final choice between these two structures we synthesised a derivative of one of them, namely (III), 
by a method ensuring that the two rings were indeed 1: 4 and 3:6. This was done by using a derivative of 
3: 6-anhydro sorbitol in which the hydroxyls at C, and C, were blocked by methyl groups so that final closure 
could take place only between C, and C,. A suitable material for this purpose was 3 : 6-anhydro 2 : 5-dimethyl 
glucofuranose (V) first prepared by Haworth, Owen, and Smith (J., 1941, 88). On catalytic hydrogenation 
over Raney nickel this substance is quantitatively converted into 2: 5-dimethyl 3: 6-anhydro sorbitol (V1). 
Selective tosylation followed by acetylation gave liquid 1-tosyl 4-acetyl 2: 5-dimethyl 3: 6-anhydro sorbitol 
(VII) which by treatment with sodium methoxide (the usual procedure for anhydro ring formation) gave 
1: 4-3 : 6-dianhydro 2: 5-dimethyl sorbitol (VIII). Methylation of dianhydro sorbitol itself gave a dimethy] 
derivative identical in all respects with this synthetic material. 
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EXPERIMENTAL. 


1 : 4-3 : 6-Dianhydro Sorbitol.—Sorbitol (500 g.) was boiled under reflux with concentrated hydrochloric acid for 24 
hours. The dark brown liquid was evaporated to a syrup which was dissolved in water and again evaporated to a syrup. 
This was distilled at 160—165°/10 mm. Yield, 290 g. The light yellow distillate rapidly crystallised and was re- 
crystallised from ethyl acetate—alcohol. Yield, 265 g. (66% of the theoretical). It then had m. p. 61—63°, [a]p + 43°9° 
in water (c, 0-8) (Found: C, 49-3; H, 6-7. Calc. for C,H,,0,: C, 49-5; H, 65%). The anhydride was recovered un- 
changed after being treated with lead tetra-acetate in acetic acid solution and did not condense with benzaldehyde 
in the presence of zinc chloride. 

2 : 5-Dimethyl Dianhydro Sorbitol—The dianhydride (100 g.) in water (200 c.c.) was stirred at 40°. Methyl sulphate 
(258 g.) and 30% sodium hydroxide (360 c.c.) were added simultaneously in 10 aliquot portions over 2 hours. The 
reaction mixture was heated at 100° for 2 hours, cooled, and neutralised with 20% — acid. The solution was 
then evaporated to dryness and the residue extracted several times with boiling chloroform. The extract, after being 
dried (MgSO,), was evaporated and the resulting liquid distilled to yield the compound as a colourless oil, b. p. 93—95° 
(bath temp.)/0-1 mm., showing n}¥" 1-4622, [a]? + b2-9° in chloroform (c, 2°20). Yield, 92 g. (Found: C, 55-6; H, 8-0. 
C,H,,0, requires C, 55-2; H, 8-0%). 

2: 5-Dibenzoyl Dianhydro Sorbitol—The dianhydride (1 g.) was dissolved in N-sodium hydroxide (25 c.c.), and 
benzoyl chloride (2 g.) was added and the mixture vigorously shaken for a few hours. The semi-solid material was 
filtered off and washed with water. The compound crystallised from alcohol in short needles, m. p. 102—103°, [a]i* 
+ 24-5° in chloroform (c, 1-51) (Found: C, 68-0; H, 5-0. C,)9H,,O, requires C, 67-8; H, 5-0%). 

Treatment of Dianhydro Sorbitol with Sodium Methoxide.—The anhydride (1 g.) was heated in a sealed tube for 20 
hours with 5% methyl alcoholic sodium methoxide at 120°. The resulting solution was neutralised with N-sulphuric 
acid and evaporated to dryness, and the residue was extracted with ethyl acetate. The extract, after evaporation, 
yielded a syrup (0-75 g.) which crystallised rapidly on cooling. It was unchanged 1 : 4-3 : 6-dianhydro sorbitol, m. p. 
61—63° after recrystallisation from ethyl acetate. ; 

Treatment of Dianhydro Sorbitol with Ammonia.—The material (1 g.) was heated in a sealed tube at 120° for 30 hours 
with methyl alcohol, saturated with ammonia at 0°. The resulting solution was evaporated to dryness leaving a crystal- 
line mass (0-87 g.) which, recrystallised from ethyl acetate, had m. p. 61—63° and was unchanged dianhydro sorbitol. 

Treatment of 1 : 4-3 : 6-Dianhydro Sorbitol with Fuming Hydrochloric Acid.—Dianhydro sorbitol (5 g.) was heated in 
a sealed tube with fuming hydrochloric acid (50 c.c.) for 24 hours at 100—110°. After evaporation there remained a 
dark brown syrup (5 g.) which would not crystallise. It was methylenated by warming with paraformaldehyde (5 g.) 
and concentrated sulphuric acid (2 c.c.) for 15 minutes; after shaking the product with chloroform several times, the 
combined extracts were washed with sodium bicarbonate solution and with water, dried, and evaporated to dryness. 
The residue, on recrystallisation from ethyl alcohol, yielded 1 : 6-dichloro 2: 4-3 : 5-dimethylene sorbitol, m. p. 116° 
not depressed on admixture with an authentic specimen (Haworth and Wiggins, J., 1944, 58). 

Tosylation of 1 : 2-Monoacetone Glucose.—Monoacetone glucose (40 g.), prepared by partial hydrolysis of the crude 
mixture of acetone sugars obtained by the acetonisation of glucose (Freudenberg, Durr and Hochstetter, Ber., 1928, 
61, 1741), was tosylated by the method of Ohle, v. Vargha, and Erlbach (Ber., 1928, 61, 1211). 5: 6-Ditosyl 1 : 2-mono- 
acetone glucose (30 g.) was obtained, but in addition another compound was isolated (18-2 g.) having m. p. 129—130°, 
— 3-4in chloroform, (c, 4-14) (Found: C, 53-0; H, 5:3; S, 14°7. requires C, 52-8; H, 5-0; S, 141%). 
The same substance was also obtained by the further tosylation of 5 : 6-ditosyl 1 : 2-monoacetone glucose. Therefore, 
it must be 3: 5: 6-tritosyl 1: 2-monoacetone glucofuranose. Ohle, Erlbach and Végl (Ber., 1928, 61, 1815), however, 
describe a 3 : 5 : 6-tritosyl 1 : 2-monoacetone glucofuranose as having m. p. 95—96° and [a]p — 5:2°. 

3 : 6-Anhydro Sorbitol.—3 : 6-Anhydro glucose (1-0 g.) obtained from the above 5 : 6-ditosyl 1 : 2-monoacetone gluco- 
furanose by the method of Ohle, v. Vargha, and Erlbach (loc. cit.) was dissolved in water (250 c.c.) and hydrogenated over 
Raney nickel at 110—120°/100 atmospheres. The solution was filtered from the catalyst and evaporated to dryness. 
The residue, recrystallised from methyl alcohol, had m. p. 110—111° and was identical with Fischer’s (Ber., 1912, 45, 
450) 3 : 6-anhydro sorbitol. 

Distillation of 3: 6-Anhydro Sorbitol in the Presence of Concentrated Sulphuric Acid.—The 3: 6-anhydro sorbitol 
(0-2 g.) was melted and a trace of concentrated sulphuric acid added. The mixture was then distilled at 250—280° 
(bath temp.)/12 mm. Dianhydro sorbitol (25 mg.) distilled and rapidly crystallised. It was identified as its ditosyl 
derivative obtained as follows. Tosyl chloride (0-1 g.) was added to the material (25 mg.) in dry pyridine (1 c.c.) and the 
mixture kept for 24 hours. Thereafter it was poured into a little ice-water and the precipitated solid collected, washed 
with water, and crystallised from alcohol. It then had m. p. 99—100° alone or in admixture with an authentic specimen 
of 2 : 5-ditosyl 1 : 4-3 : 6-dianhydro sorbitol (see Part V of this series). . 

Conversion of 3: 6-Anhydro Sorbitol into Dianhydro Sorbitol with Alkaline Reagents.—3 : 6-Anhydro sorbitol (1 g.) 
was dissolved in dry pyridine (5 c.c.) and a solution of tosyl chloride (1-28 g. in 5 c.c. dry pyridine) carefully added at 
0°. The mixture was kept at room temperature for 60 hours, acetic anhydride being added at 0° after the first 16 hours. 
The solution was poured into water and extracted with chloroform. ‘The extract was washed successively with 5% 
sulphuric acid, sodium bicarbonate solution, and water, dried (MgSO,), and evaporated. Yield, 1-63 g. of liquid 1-tosyl 
2:4: 5-triacetyl 3 : 6-anhydro sorbitol. Of this, 1-2 g. was dissolved in chloroform (10 c.c.), and methyl alcohol (20 c.c.) 
containing sodium (0-25 g.) added at 0°. The solution was kept overnight, diluted with chloroform, and extracted with 
water. The aqueous extracts were combined, exactly neutralised with Nn-sulphuric acid, and evaporated to dryness. 
The dry residue was extracted with boiling ethyl acetate, the extract evaporated, and the product distilled at 200—210 

(bath temp.)/12 mm. The distillate rapidly crystallised; it recrystallised from ethyl acetate in prisms (0-29 g.; 73% 
of the theoretical), m. p. 60—61°, [a]}**" + 43-9° in water (c, 0-86). The m. p. was not depressed when the crystals were 
mixed with authentic dianhydro sorbitol. 

Treatment of the Liquid 1-Tosyl 2: 4: 5-Triacetyl 3 : 6-Anhydro Sorbitol with Sodium Iodide in Acetone.—The syrup 
(0-4 g.) was heated at 110° with sodium iodide (0-29 g.) dissolved in dry acetone (15 c.c.) in a sealed tube. Crystals of 
sodium -toluenesulphonate were deposited. Yield, 0-i4 g. (80% of the theoretical). 

2: 5-Dimethyl 3: 6-Anhydro Sorbitol—2 : 5-Dimethyl 3: 6-anhydro glucose (1 g.), p by the method of 
Haworth, Owen, and Smith (loc. cit.), was subjected to catalytic hydrogenation in water (260 c.c.) at 110—120°/100 
atmospheres for 6 hours using Raney nickel catalyst (1 g.). After removing the catalyst the aqueous solution was 
evaporated to dryness. The crystalline product recrystallised from ether in long, extremely hygroscopic needles which 
did not reduce Fehling’s solution. Yield, 1-0 g., m. p. 70—71°, [a]??’ — 15-6° in chloroform (c, 0-173) (Found: OMe, 
30-8. C,H,,0, requires OMe, 30-7%). 

2: 5-Dimethyl 1 : 4-3 : 6-Dianhydvo Sorbitol—l-Tosyl 4-acetyl 2: 6-dimethyl 3: 6-anhydvo sorbitol. 2: 5-Dimethy] 
3 : 6-anhydro sorbitol (0-30 g.) was dissolved in dry pyridine (5 c.c.), and tosyi chloride (0-32 g.) in dry pyridine (5 c.c.) 
carefully added at 0°. The mixture was kept at room temperature for 60 hours, acetic anhydride (1-5 c.c.) being added 
at 0° after the first 45 hours. The solution was poured into water and extracted with chloroform. The extract was 
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washed successively with 5% sulphuric acid, sodium bicarbonate solution, and water, dried (MgSO,), and evaporated. 
Yield, 0-23 

Detosylation of 1-tosyl 4-acetyl 2 : 5-dimethyl 3 : 6-anhydro sorbitol. The material (0-23 g.) was dissolved in chloroform 
(5 c.c.) and methyl alcohol (10 c.c.) containing sodium (0-027 g.) added at 0°. The solution was kept overnight, diluted 
with chloroform, and washed with water. e chloroform extract was dried (MgSO,) and evaporated. The residue 
distilled at 80—90° (bath temp.)/0-02 mm. Yield, 0-07 g., n%° 1-4601, [a]20° + 95-3° in chloroform (c, 0-125) (Found: 
OMe, 35-6. C,H,,0, requires 356%). 


The authors wish to express their thanks to Professors W. N. Haworth, F.R.S., and J. L. Simonsen, F.R.S., for their 
interest in this work and to the Colonial Products Research Council for financial assistance. 
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78. The Anhydrides of Polyhydric Alcohols. Part V. 2:5-Diamino 1: 4-3: 6- 
Dianhydro Mannitol and Sorbitol and their Sulphanilamide Derivatives. 


By R. Montcomery and, L. F. 


By treatment of the 2: 5-ditosyl derivatives of 1 : 4-3: 6-dianhydro mannitol and sorbitol with methyl 
alcoholic ammonia the corresponding diamines have been obtained. These have been characterised by the 
formation of a series of well-defined salts and other derivatives. The sulphanilamide derivatives were found to 
be less active than sulphathiazole in routine bacteriostatic tests. 


SucROsE can be hydrogenated with or without previous hydrolysis to mannitol and sorbitol and, on the other 
hand, invert sugar can be reduced electrochemically to give the same products. In Parts I and IV of this 
series the dianhydrides produced by the action of mineral acids on these two polyhydric alcohols are described 
and shown to possess the hydrofuranol type of ring. This paper describes the preparation of the diamines, and 


their corresponding sulphanilamides, derived from dianhydro mannitol and sorbitol according to the following 
scheme. 


Dianhydro hexitol ——> 2 : 5-Ditosyl dianhydro hexitol ——> 2: 5-Diamino dianhydro hexitol —~>» 
Disulphanilamido dianhydro hexitol. 
2: 5-Ditosyl dianhydro mannitol and 2 : 5-ditosyl dianhydro sorbitol are well-defined crystalline substances 
which by treatment with methyl alcoholic ammonia under pressure are converted into the corresponding 
diamines. 2: 5-Diamino 1: 4-3 : 6-dianhydro mannitol (I) is crystalline but 2 : 5-diamino 1 : 4-3 : 6-dianhydro 
sorbitol (II) is a liquid. The former was obtained in 80% and the latter in 60% yield. Each diamine was 
characterised’ by well-defined salts. 2: 5-Diamino 1 : 4-3: 6-dianhydro mannitol gave a crystalline oxalate, 
adipate, picrate, hydrochloride, sulphate, and dimethylene mucate (galactosaccharate) (with dimethylene mucic acid, 
[(Mrs.) H. Gregory, Stacey, and Wiggins, unpublished work]). It also formed, with salicylaldehyde, crystalline 
2: 5-disalicylideneamino 1: 4-3: 6-dianhydro mannitol. 2: 5-Diamino 1: 4-3: 6-dianhydro sorbitol gave a 
crystalline oxalate, picrate, hydrochloride, sulphate, dimethylene saccharate (glucosaccharate), and dimethylene 
mucate. It also formed, with salicylaldehyde, a beautifully crystalline azomethine, namely 2 : 5-disalicyl- 
ideneamino 1: 4-3: 6-dianhydro sorbitol. The diamines themselves either as sulphates or as dimethylene 
mucates showed no bacteriostatic effect in vitro against Staphylococcus aureus. 


By the treatment of the diamines with p-acetamidobenzenesulphony]l chloride, 2 : 5-di-(p-acetamidobenzene- 
sulphonamido) 1 : 4-3 : 6-dianhydro mannitol and 2 : 5-di-(p-acetamidobenzenesulphonamido) 1 : 4-3 : 6-dianhydro- 
sorbitol were obtained. Hydrolysis by hydrochloric acid or by sodium hydroxide converted these into the 
corresponding sulphanilamides (III and IV). The sulphanilamides were also prepared by treatment of the 
diamines with p-nitrobenzenesulphony] chloride and catalytic reduction of the resulting 2 : 5-di-(p-mitrobenzene- 
sulphonamido) 1: 4-3:.6-dianhydro mannitol and 2: 5-di-(p-nitrobenzenesulphonamido) 1 : 4-3 : 6-dianhydro- 
sorbitol. 

The sulphanilamide derivatives of dianhydro mannitol and dianhydro sorbitol were extremely weak bases, 
No salts could be prepared in hydroxylic solvents. The hydrochlorides, which could be precipitated from 
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acetone—benzene, showed no definite melting points and slowly decomposed on heating. They were hydrolysed 
by water, giving the free base and two equivalents of hydrochloric acid. The sulphanilamides were only slightly 
soluble in water (0-02 g./100 c.c.) but were fairly soluble in dilute hydrochloric acid. They proved to be inferior 
in bacteriostatic activity to sulphathiazole. 


EXPERIMENTAL, 


2 : 5-Ditosyl 1 : 4-3 : 6-Dianhydro Mannitol.—Dianhydro mannitol (59 g.) was dissolved in dry pyridine (300 c.c.) 
and tosyl chloride (155 g.) added in portions at 0°. The solution was allowed to warm to room temperature and kept 
thereat for 24 hours. Thereafter it was poured into ice-water; the syrup so precipitated crystallised on keeping. The 
solid product was ground with water, filtered, washed several times with water, and recrystallised from ethyl alcohol- 
acetone (yield, 162 g.). It formed prisms, m. p. 93—94°, [a]??” +92-2° in chloroform (c, 2-582) (Found: C, 53-0; H, 4:8. 
requires C, 52-8; H, 49%). 

2: 5-Diamino 1: 4-3 : 6-Dianhydro Mannitol.—2 : 5-Ditosyl 1 : 4-3 : 6-dianhydro mannitol (50 g.) was heated in an 
autoclave with methyl alcoholic ammonia (saturated at 0°) (1500 c.c.) at 170—180° for 30 hours. The brown solution 
was evaporated to dryness under reduced pressure so that all the ammonia was removed. Barium hydroxide (42 g.) 
dissolved in hot water (400 c.c.) was added and the mixture heated at 100° for 1 hour. The solution was then evaporated 
to dryness and the residue dried very carefully by distilling several lots of benzene over it so that every trace of moisture 
wasremoved. Thereafter the residue was extracted under reflux six times with chloroform (250 c.c. portions) ; the chloro- 
form extracts were combined and evaporated to a syrup (12-8 g.) which distilled at 150° (bath temperature) /0-01 mm. asa 
‘yellow oil which rapidly crystallised. All operations sflbsequent to and including the treatment with barium hydroxide 
were carried out in a carbon dioxide free atmosphere. The distillate was recrystallised with some difficulty from dioxan- 
ether. The 2: 5-diamino 1: 4-3 : 6-dianhydro mannitol was very hygroscopic and could only be kept as a crystalline solid 
in sealed tubes Cal nitrogen. It had m. p. 59—62°, (a]?° +33-6° in chloroform (c, 2-322) (Found: N, 18-8. C,H,,0,N, 
requires N, 19-4%). 

oT Salts of 2: 5-Diamino 1 : 4-3 : 6-Dianhydro Mannitol.—The diamine (0-1 g.) was dissolved in hot alcohol, and oxalic 
acid (0-09 g.), also dissolved in alcohol, added. A fine white precipitate separated. An equal volume of water was added 
and the mixture boiled until a clear solution was obtained. Crystals of the oxalate separated on cooling. Yield, 0-07 g., 
m. p. 246—247° (decomp.) (Found: N, 11-9. C,H,,O,N, requires N, 12-0%). 

The diamine (0-11 g.) was mixed with Ss acid in alcoholic solution, water added, and the mixture boiled until 
clear. The adipate crystallised on cooling. Yield, 0-1 g., m. p. 189° (Found: N, 10-0. C,,H,,0,N, requires N, 9-7%). 

The diamine (0-06 g.) was dissolved in hot water and a hot aqueous solution containing picric acid (0-38 g.) added. 
A red syrup was precipitated which soon crystallised. The picrate was recrystallised from hot water forming prismatic 
crystals, m. p. 227—228° (decomp.) (Found: N, 19-3. C,,H,,0,,N, requires N, 18-6%). 

To the diamine (0-1 g.) concentrated hydrochloric acid was added until the mixture was acid to Congo red. The 
solution was then mixed with alcohol, boiled, and allowed to cool when crystals of the dihydrochloride separated. This 
did not have a definite m. p. but decomposed between 280° and 300° (Found: C, 33-4; H, 6-1; N, 12-7; Cl, 32-7. 
C,H,,0,N,Cl, requires C, 33-1; H, 6-5; N, 12-9; Cl, 32-7%). 

The diamine (0-1 g.) was dissolved in the minimum quantity of water and concentrated sulphuric acid (0-07 g.) in a 
little water was added. The sulphate separated as a granular precipitate which was filtered off and washed with alcohol. 
It recrystallised from aqueous alcohol in prisms, which decom above 310° (Found: N, 11-9. C,H,,0,N,S requires 
N, 116%). 

A solution of the diamine (0-15 g.) in alcohol was added to a hot aqueous solution of dimethylene mucic acid (0-22 g.) 
[(Mrs.) H. Gregory, Stacey, and Wiggins, —" work]. Crystals of the dimethylene mucate (0-25 g.) separated 
on ot ro p. 246—247° (with decomp.) (Found: C, 41-2; H, 6-2; N, 6-7. ©,,H,,0,9N,,1}H,O requires C, 41-6; 
H, 6-2; N, 6-9). 

Bacteriostatic test. 2: 5-Diamino dianhydro mannitol sulphate did not inhibit the growth of Staphylococcus aureus 
in vitro. 

2 : 5-Disalicylideneamino 1 : 4-3 : 6-Dianhydro Mannitol.—2 : 5-Diamino 1 : 4-3 : 6-dianhydro mannitol (0-3 g.) was 
dissolved in a few c.c. of water containing three drops of 5 N-sodium hydroxide. Salicylaldehyde was added and the 
mixture vigorously shaken for 1 hour. The yellow solid which separated was collected, washed with water, and recryst- 
allised from alcohol—acetone forming long feathery needles (0-35 g.), m. p. 188—189° (Found: C, 68-6; H, 5-6; N, 8-1. 
requires C, 68-2; H, 5:7; N, 8-0%). 

2 : 4-Di-(p-acetamidobenzenesulphonamido) | : 4-3 : 6-Dianhydro Mannitol.—(a) To a solution of diamino dianhydro 
mannitol (4 g.) in water (40 c.c.) was added p-acetamidobenzenesulphonyl chloride (14-72 g.). Enough acetone was 
added to effect complete solution and then sodium hydroxide (2-44 g.) was added. After being stirred for 45 minutes the 
mixture was kept overnight at room temperature and the crystals which had separated were filtered off and recrystallised 
from acetone—water, yielding feathery needles (14-7 g.), m. p. 278—279°. 

(b) To a solution of the diamine (0-72 g.) in water (7 c.c.) were added acetone (13 c.c.) and p-acetamidobenzenesul- 
phonyl chloride (2-56 g.). When complete solution was effected sodium bicarbonate (1-4 g.) was added and the mixture 
stirred for 45 minutes. Thereafter the product was worked up asin (a). Yield, 2 g., m. p. 278—279°. 

(c) Diamino dianhydro mannitol (1-08 g.) was dissolved in dry ge (10 c.c.) and a solution of p-acetamidobenzene- 
sulphonyl chloride (3-83 g.) in dry pyridine (10 c.c.) added at 0°. The solution was allowed to warm to room tem- 
perature and kept thereat for 2 days. It was then poured into ice-water and the solid obtained was collected, washed 
with water, and recrystallised several times from acetone—water. Yield, 2 g.,m.p. 278—279°. The products from the 
three methods of —— were identical. The material did not show any rotatory power with the sodium yellow or 
mercury green lines (Found: C, 49-0; H, 5-1; N, 10-0. C,,H,,0O,N,S, requires C, 49-0; H, 4-8; N, 10-4%). 

2 : 5-Disulphanilamido 1 : 4-3 : 6-Dianhydro Mannitol.—(a) To the di-N-acetyl derivative (10 g.) dissolved in acetone 
(100 c.c.) 2N-hydrochloric acid (200 c.c.) was added and the mixture refluxed for 6 hours. The solution was then filtered 
with oe and evaporated to dryness under reduced pressure. The residue was recrystallised from water (3-24 g.), 
m. p. 227—228°. 

tb) A solution of the a derivative (1 g.) in 10% sodium hydroxide (10 c.c.) was heated at 100° for 2 hours. 
Thereafter the solution was cooled and neutralised with dilute hydrochloric acid. The solid precipitated was collected 
and recrystallised from water (0-6 &). The compound had m. p. 227—-228°, and was identical with the material obtained 
Sf ae (a) Ne (Found: C, 47-5; H, 48; NH, (by nitrite titration), 6-9. C,,H,,0,N,S, requires C, 47-6; 

, 4:8; 2 

The substance showed no rotatory power with sodium light. It did not form salts in aqueous solution and was 
not alkaline to litmus. 


2: 5-Disulphanilamido 1 : 4-3 : 6-Dianhydro Mannitol Dihydrochloride.—Anhydrous hydrogen chloride was passed 
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into a solution of disulphanilamido dianhydro mannitol in anhydrous acetone—benzene (1:1). The salt, which was 
precipitated, was washed twice with acetone—benzene (1: 1) and dried ina vacuum. It could not be recrystallised from 
anhydrous solvents. It effervesced between 180° and 215°, darkening at the latter temperature. On adding it to cold 
water, the free base (m. p. 227°) and 2 equivalents of hydrochloric acid (alkali titration) were obtained. 

Reacetylation of Disulphanilamido Dianhydro Mannitol.—The material (0-1 g.) was shaken. with a mixture (1 : 1) of 
acetic acid and acetic anhydride (10 c.c.) until completely dissolved; on pouring the solution into water, a solid separated 
which after being recrystallised from acetone—water had m. p. 278° alone or in admixture with a specimen of di(acetamido- 
benzenesulphonamido) dianhydro mannitol. : 

2 : 5-Di-(p-nitrobenzenesulphonamido) 1 : 4-3 : 6-Dianhydro Manniiol.—2 : 5-Diamino dianhydro mannitol (3 g.) was 
dissolved in dry pyridine and a solution of p-nitrobenzenesulphonyl chloride (9-31 g.) also in by pyridine was carefully 
added at 0°. After keeping for 24 hours at room temperature the solution was poured into ice-water. A solid separated ; 
this was filtered off, washed with water, and recrystallised from acetone—water. The compound formed small prisms (9-3 g.), 
m. p. 213—214°, [a]? +7-5° in acetone (c, 2-65) (Found: N, 11-0. C,gH,,0,)N,S, requires N, 10-9%). 

Reduction of Di-(p-nitrobenzenesulphonamido) Dianhydro Mannitol.—(a) Tin and hydrochloric acid. A suspension of 
di-(p-nitrobenzenesulphonamido) dianhydro mannitol (0-5 g.) in a mixture of alcohol (250 c.c.) and hydrochloric acid 
(d, 1-16; 24c.c.) was heated under reflux with tin (0-96 g.) for Lhour. After keeping overnight the solution was neutralised 
with 10% sodium carbonate solution and evaporated to dryness. The residue was extracted with absolute alcohol, the 
extracts were combined and evaporated to dryness, and this residue was again extracted with alcohol. This process was 
repeated until a residue reasonably free from inorganic salts was obtained. This, recrystallised from alcohol, gave a small 
yield of disulphanilamido dianhydro mannitol (0-1 g.), m. p. 227—-228°, identical with the compound from the hydrolysis 
of the corresponding di- N-acetyl derivative. 

(b) Catalytic hydrogenation. Di-(p-nitrobenzenesulphonamido) dianhydro mannitol (1 g.) in dry methyl] alcohol 
(100 c.c.) was hydrogenated at room temperature under 1 atmosphere with Raney nickel as catalyst. The theoretical 
amount of hydrogen was absorbed, the reaction being complete in 30 minutes. The catalyst was filtered off and extracted 
6 times with boiling methyl alcohol (100 c.c. portions). The combined methyl alcoholic solutions on evaporation to 20 c.c. 
gave a crystalline disulpharilamido 2 : 5-diamino dianhydro mannitol, m. p. 227—-228°, alone or in admixture with the 
material obtained by the hydrolysis of the corresponding di-N-acetyl derivative. ; 

2 : 5-Ditosyl 1 : 4-3 : 6-Dianhydro Sorbitol.—Dianhydro sorbitol (58 g.) dissolved in dry pyridine (300 c.c.) was treated 
with tosyl chloride (150 g.) at 0°. After keeping for 24 hours at room temperature and then pouring into ice-water the 
2 : 5-ditosyl derivative was obtained ; —— from ethyl alcohol it formed prisms (190 g.), m. p. 101—102°, [a]? 
+57-8° in chloroform (c, 4-945) (Found : C, 53-3; H, 4:7; S, 13-8. C,9H,,O,S, requires C, 52-8; H, 4-9; S, 14:1%). 

2: 5-Diamino 1 : 4-3 : 6-Dianhydro Sorbitol—The ditosyl derivative (50 g.) was heated at 150—160° with methyl 
alcoholic ammonia (1500 c.c.) (saturated at 0°) in an autoclave for 30 houss. After being evaporated to dryness the pro- 
duct was heated with barium hydroxide (42 g.) dissolved in hot water (400 c.c.) for 1 hour in an atmosphere of nitrogen. 
The product was then isolated as in the case of the mannitol stereoisomer. 2: 5-Diamino 1 : 4-3 : 6-dianhydro sorbitol 
distilled at 105—110° (bath temp.) /0-01 mm. as a yellow oil which would not crystallise, and had n}§° 1-5165, [a]p +43-6° 
in water (c, 1-538). Yield, 8-5 g. (54%). Some loss occurred on distillation (Found: C, 49-9; H, 7-9. C,H,,0,N, 
requires C, 50-0; H, 8-3%). 

Salts of 2: 5-Diamino 1 : 4-3 : 6-Dianhydro Sorbitol_—The diamine (0-1 g.) was treated in alcoholic solution with 
oxalic acid (0-09 g.) and the oxalate isolated in the usual way; it had m. p. 253—254° (decomp.) (Found: N, 11-6. 
C,H,,0,N, requires N, 12-0%). 

The picrate was precipitated from aqueous solution and recrystallised from hot water. It formed small needles, 
m. p. 200° (decomp.) (Found: N, 19-0. C,,H,,0,,.N, requires N, 18-6%). 

The diamine was dissolved in anhydrous dioxan and hydrogen chloride bubbled through the solution. An equal 
volume of alcohol was added and the solution boiled until clear. The hydrochloride separated on cooling. It did not 
melt below 320° (Found: C, 31-1; H, 6-6; N, 12-7. C,H,,O,N,Cl, requires C, 31-1; H, 6-5; N, 12-9%). 

The diamine (0-1 g.) was dissolved in the minimum quantity of water, and concentrated sulphuric acid (0-07 g.) in 
a small amount of water was added. A granular precipitate of the sulphate separated which was washed with alcoliol 
>> mr from aqueous alcohol. The crystals did not melt below 330° (Found: N, 11-9. C,H,,O,N,S requires 

11-6%). 

An alcoholic solution of the diamine (0-08 g.) was added toa hot aqueous solution of dimethylene saccharic acid (0-12 g.). 
An equal volume of alcohol was added and the I em dimethylene saccharate recrystallised from hot alcohol; it had 
m. p. 220—221° (decomp.) (Found: N, 7:8. requires N, 7-4%). 

Prepared as above, the dimethylene mucate had m. p. 335—236° (decomp.) (Found: C, 44:5; H, 5-6. C,,H,,.O,.N, 
 equires C, 44-4; H, 58%). 

Bacteriostatic test. either the sulphate nor the dimethylene mucate of diamino dianhydro sorbitol inhibited the 
growth of Staphylococcus aureus in vitro. 

2 : 5-Disalicylideneamino 1 : 4-3 : 6-Dianhydro Sorbitol.—The diamine (0-3 g.) was dissolved in a little water containing 
3 drops of dilute sodium hydroxide solution. Salicylaldehyde (0-51 g.) was added and the mixture shaken for 1 hour. 
The base which had separated was collected and recrystallised from alcohol—acetone; it formed prisms (0-4 g.), m. p. 
166—167° (Found: C, 68-3; H, 5-6. Cz 9H,,O,N, requires C, 68:2; H, 5-6%). 

2 : 5-Di-(p-acetamidobenzenesulphonamido) 1 : 4-3 : 6-Dianhydro Sorbitol.—(a) To a solution of the diamine (2-3 g-) in 
water (20 c.c.) p-acetamidobenzenesulphonyl chloride (8 g.) was added together with enough acetone to effect solution. 
Sodium hydroxide (1-34 g.) was added ‘and dissolved by shaking. The solution was kept overnight, the acetone removed, 
and the syrupy precipitate triturated with alcohol until solid. It separated from acetone—water in a poorly crystalline 
condition, m. p. 256—258° (decomp.). 

(b) The diamine (3-16 g.) was dissolved in dry pyridine and p-acetamidobenzenesulphony] chloride (11-4 g.), also in 
pyridine, added carefully at 0°. After being allowed to stand for 2 days at room temperature the solution was poured 
into ice-water and the solid product washed with water and recrystallised from acetone—water. Yield, 6-l1g. Again 
the material was poorly crystalline; it had m. p. 263—264°, [a]p +51-4° in acetone—water (1: 1) (c, 0-6) (Found: C, 
49-4; H, 4-7; N, 10-9. C,,H,,O,N,S, requires C, 49-0; H, 4-8; N, 10-4%). : 

2 : 5-Disulphanilamido | : 4-3 : 6-Dianhydro Sorbitol—(a) The di-N-acetyl derivative (0-9 g.) was refluxed for 6 hours 
with 2n-hydrochloric acid (20 c.c.) and acetone (5 c.c.). e solution was filtered with charcoal and neutralised with 
dilute sodium hydroxide solution; 2: 5-disulphanilamido 1 : 4-3: 6 dianhydro sorbitol was then precipitated. After 
being recrystallised from alcohol—water the compound (0-3 g.) had =.» 239—240°. 

(6) The di-N-acetyl compound (1-1 g.) was added to 10 c.c. of sodium hydroxide solution (10%) and the mixture 
heated at 100° for 2 hours. The solution was then neutralised with dilute hydrochloric acid, and the precipitate so 
produced was filtered off and recrystallised from alcohol—-water. Yield, 0-7 g. It had m. p. 239—240°, [a]p + 49-2° 
im acetone (c, 0-406). The compound was identical with that obtained in (a) (Found: C, 47-4; H, 4:9; NH, (nitrite 
titration), requires C, 47-6; H, 4:8; NHg, 7:1%). 
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2 : 5-Disulphanilamido 1 : 4-3 : 6-Dianhydro Sorbitol Dihydrochloride.—Anhydrous hydrogen chloride was passed into 
a solution of disulphanilamido dianhydro sorbitol in anhydrous acetone—benzene (1:1). The salt, which was precipitated, 
was washed twice with acetone—benzene and dried ina vacuum. It could not be recrystallised from anhydrous solvents, 
It effervesced above 130°. On adding the salt to cold water it completely hydrolysed to give the free base (m. p. 239— 
240°) liberating 2 equivalents of hydrochloric acid (alkali titration). 

2 : 5-Di-(p-nitrobenzenesulphonamido) 1 : 4-3 : 6-Dianhydro Sorbitol.—2: 5-Diamino dianhydro sorbitol (4-05 g.) was 
dissolved in dry pyridine and a solution of p-nitrobenzenesulphonyl chloride (14-08 g.) also in pyridine was carefully 
added at 0°. After keeping at room temperature for 24 hours the mixture was poured into ice-water and the precipitated 
solid washed with water and dissolved in acetone—water, filtered with charcoal, and allowed to crystallise. The P-nitro- 
benzenesulphonyl derivative (10-6 g.) separated in small needles having m. p. 216—217°, [a]#?° + 56-0° in acetone (c, 
2-138) (Found: C, 42-3; H, 3-4; N, 10-5. C,gH,,0,.N,S, requires C, 42-0; H, 3-5; N, 10-9%). 

Catalytic Hydrogenation of Di(p-nitrobenzenesulphonamido) Dianhydro Sorbitol.—The material (1 g.) in dry methyl 
alcohol (100 c.c.) was hydrogenated in the ter weg of Raney nickel at room temperature and 1 atmosphere. Thea 
tion was complete in 15 minutes. Thereafter the catalyst was filtered off and extracted 6 times with boiling methyl alcohol, 
and the combined methyl alcoholic extracts were evaporated to dryness. The residue, recrystallised from alcohol- 
water, had m. p. 236—237°, not depressed in admixture with the product from the hydrolysis of di-(p-acetamidobenzene- 
sulphonamido) dianhydro sorbitol. It was, therefore, disulphanilamido 1 : 4-3 : 6-dianhydro sorbitol. 

Reacetylation of Disulphanilamido Dianhydro Sorbitol—To a suspension of the material (0-1 g.) in dilute acetic acid 
acetic anhydride (5 c.c.) was added and the mixture shaken until complete solution was effected. e solution was then 
poured into ice-water (200 c.c.) and the crystalline precipitate collected, washed with water, and recrystallised from 
acetone—water; it formed small prisms (0-1 g.), m. p. 263—264°, [a]?}° +49-6° in acetone—water (1: 1) (c, 0-383). 


The authors desire to express their thanks to Professors W. N. Haworth, F.R.S., and J. L. Simonsen, F.R.S., for their 
helpful interest in this work and to the Colonial Products Research Council for financial assistance. 
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79. The Kinetics of Anionotropic Rearrangement. Part V. Oxotropic Formation 
of the Styrene System. 


By Ernest A. Braupez, E. R. H. Jonzgs, and E. S. STERN. 


In continuation of previous studies (Parts I, III,and IV, Braude and Jones, J., 1944, 436 ; this vol., pp. 122,128; 
Part II, Braude, J., 1944, 443) a detailed kinetic investigation has been made of the acid-catalysed rearrange- 
ments of. phenylvinyl- (I) and phenylpropenyl-carbinols (III) to cinnamy]l alcohol and styrylmethylcarbinol, 
respectively. Both isomerisations proceed smoothly in aqueous alcohol and dioxan, hydrochloric or acetic acid 
being used ascatalyst. In aqueous alcoholic media considerable proportions of the ethyl ethers of the rearranged 
carbinols are formed and reaction-product analysis shows that ether formation proceeds simultaneously with 
{and with (I) also before] rearrangement. The first-order rate law is accurately obeyed, except with (I) in 
alcoholic media, where the rate constants decrease as the reaction proceeds. The variations of the rate con- 
stants with medium composition and acid and carbinol concentrations have been studied in detail and closely 
resemble those previously observed in the oxotropic rearrangement of propenylethynylcarbinol (Parts I and 
II, locc. cit.). Arrhenius energies of activation for the temperature range 0—60° have been determined, and 
isodielectric energies of activation (Part II, Joc. cit.) deduced; the latter are independent of solvent composition 
within the limits of experimental error. These results and the reaction mechanism are discussed with reference 
to earlier work in this series and that of other authors, and a comparison is made of the electronic properties 
of the phenyl, vinyl, and acetylenyl groups. 


In Parts I—IV (locc. cit.), rearrangements of the type 
—C=C—R 
H 
where R = CH—CH, or C=CR’ were studied, the selective high-intensity light absorption in the near ultra- 
violet exhibited by the conjugated butadiene and vinylacetylene systems formed providing a ready means of 
measuring reaction velocities. The present investigation deals with the corresponding rearrangements leading 


to the styrene system (R = Ph), the isomerisations of phenylvinylcarbinol to cinnamy] alcohol, and of pheny]l- 
propenylcarbinol to styrylmethylcarbinol, being chosen as the two simplest examples : 


(I.) Ph-CH(OH)-CH=CH, —> Ph-CH=CH-CH,OH (II.) 
(III.) Ph*CH(OH)-CH=CHMe —>» Ph-CH=CH-CH(OH)Me (IV.) 


The marked differences in the ultra-violet light absorption of the phenyl and the styryl systems (Figs. 1 and 2) 
again permitted the application of the convenient spectro-kinetic method. 

Phenylvinylcarbinol has been known for many years (Klages and Klenk, Ber., 1906, 39, 2552; Kohler, 
Amer. Chem. J., 1908, 38, 511), and its isomerisation to cinnamy]l alcohol by the action of dilute acids was first 
reported by Valeur and Luce (Bull. Soc. chim., 1920, 27, 611). These authors also made the important observ- 
ation that cyclohexylvinylcarbinol resisted all isomerisation attempts, indicating clearly that the formation 
of the conjugated (styrene) system in the former case was an essential feature of the reaction. Burton and 
Ingold (J., 1928, 904) were unable to repeat the isomerisation of phenylvinylcarbinol, using both aqueous 
sulphuric and hydrochloric acids, and aqueous-alcoholic hydrochloric acid. It was shown by a number of 
other workers, however, that derivatives of cinnamy]l alcohol could be obtained by replacement reactions of 
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| phenylvinyicarbinol, under acidic reaction conditions. Meisenheimer and Schmidt (Amnalen, 1929, 475, 
157) reported that the reaction of phenylvinylcarbinyl p-nitrobenzoate with hydrogen: chloride gives both 
‘| cinnamyl chloride and p-nitrobenzoate. Similarly, the treatment of phenylvinylcarbinol with phosphorus 
tribromide yields cinnamyl bromide (Moureu and Gallagher, Bull. Soc. chim., 1921, 29, 1009; Delaby, Compt. 
vend., 1932, 194, 1248) and treatment with phthalic anhydride yields some cinnamyl hydrogen phthalate 
(Kamai, Chem. Zentr., 1932, I, 3047) unless the reaction is carried out in the presence of pyridine (Duveen, 
Compt. vend., 1938, 206, 1185). It is now shown that Burton and Ingold’ s findings (loc. cit.) are incorrect 
and that phenylvinylcarbinol itself rearranges in alcoholic acid media to give a mixture of cinnamyl alcohol 
and its ethyl | a Rearrangement in aqueous dioxan results in almost quantitative conversion into the 
alcohol. 

Fhenyigvopenstensbinst was first prepared by Burton (jJ., 1929, 455), who made a qualitative study of its 
isomerisation to styrylmethylcarbinyl acetate on boiling with acetic anhydride. Kenyon, Partridge, and 
Phillips (J., 1937, 207) showed that optically active phenylpropenylcarbinol is isomerised to styrylmethyl- 
carbinol by 0-5% acetic acid at room temperature in 40 hours with almost complete racemisation, and: from 
variations in optical rotation they showed that the hydrogen phthalate of (—)phenylpropenylcarbinol isomerises 
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in benzene solution according to first-order kinetics with a rate constant k = 0-575 x 10“ (min) at 37° 


ultra-] and an Arrhenius energy of activation of 28-8 kg.-cals./mol. with partial retention, but inversion, of optical 
ans off activity. Salts of the acid ester, on the other hand, do not undergo self-rearrangement, indicating that the 
eading | presence of hydrogen ions is essential for the reaction to occur. Similarly, neutral esters are quite stable, in 

henyl-§ the absence of acids, but (+)phenylpropenylcarbinyl acetate is isomerised in 17 hours by acetic acid at room 


temperature with considerable racemisation. 

Data for the rearrangement of the two carbinols in aqueous alcohol and dioxan over a wide range of con- 
ditions are collected in Tables I—VI. The following symbols are used throughout : ¢ = temperature (°C.) ; 
Cron and Cajiox, = concentration of organic solvent (% by vol.); ¢c, = acid concentration (mols./l.); croy = 


and 2)§ carbinol concentration (% w/v); k = first-order constant; D = dielectric constant of solvent, taken or 


calculated from the data of Wyman (J. Amer. Chem. Soc., 1931, 58, 3292), Akerléf and Short (ibid., 1936, 58, 


Cohler, {| 1241) and Herz and Lorentz (Z. physikal. Chem., 1929, 140, A, 406); m is defined by log k = mD + n (Part 
as first} II, Joc. c‘t.), where m and m are constants; E,,, = Arrhenius energy of activation; bis defined by D = a — bt; 
bserv- | Ep, = isodielectric energy of activation calculated by Ew; = Ear, + AEp, where AEp = 2-3RT,T,mb (Part 
mation Il, loc. cit.). The first-order rate law is accurately obeyed, except with phenylvinylcarbinol in aqueous alcohol 
on andj where the values of k decrease as the reaction proceeds (see Experimental). In this latter case, the rate 
queous{ constants given are extrapolated to zero time. 

uber of The rate constants are independent of cpoy within the limits of experimental error (Table I), except with 
ions of} phenylvinylcarbinol in alcoholic media where they decrease slightly with increasing carbinol concentration, 


an effect possibly connected with the partial etherification referred to below. 
cc 
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Carbinol. 
(I) 


(II) 


Braude, Jones, and Stern: 


TABLE I. 
The effect of carbinol concentration (t = 30-0° throughout). 
Ca. CRoH: 104k, min.~}, Ca. Cron: 104k, min.~}, 
In 80% EtOH. In 60% dioxan. 
0-1m-HCl 0-028 2-06 0-1m-HCl 0-02 3-78 
0-14 1-95 0-1 3-80 
0-7 1-84 0-5 3°81 
0-02m-HCl 0-028 158 0-01m-HCl 0-02 185 
0-14 155 0-1 184 
0-7 159 0-5 180 


Increasing the proportions of both alcohol and dioxan first results in a decrease in k, the relation log k = 
mD -+- n being obeyed; when the concentration of organic solvent is increased beyond 90%, & again increases 
sharply (Table II and Fig. 3). Also, k increases with increasing acid concentration, the ratio k/c, remaining 
nearly constant up to ¢, = about 0-1 and then rapidly increasing with c, (Table ITI). 


Fic. 3. 


3-0 0-4 


2-8 0-2 


26 O l 
Bc 


60 60 100 
Alcohol or dioxan, To by vol. 


(a) Rearrangement of phenylvinylcarbinol in aqueous alcohol. 

es Rearrangement of phenylpropenylcarbinol in aqueous alcohol. 

(c) Rearrangement of phenylpropenylcarbinol in aqueous dioxan. 
Acid concentration = 0-1m-HCl, temperature 300°, throughout. 


TaBLeE II. 
The effect of solvent composition (¢ = 30-0°, c, = 0-1m-HCl throughout). 
(I). (I). (II). 
CrtoH min.“ CEtoH: min.~}, min.-}, Caiox.+ min.-}, Cajox.+ min., 
60 4-26 90 2-04 60 2430 85 817 . 40 7530 90 620 
70 2-71 100 14-2 70 1350 90 738 60 2110 100 5740 
80 1-95 80 886 100 10,600 80 688 
III. 
The effect of hydrochloric acid concentration (¢ = 30-0° throughout). 
(I); Crton = 80, Cron = 0°14. (II) ; Cron = 80, Cron = 0°14. (II) ; Caiox. = 60, cron = 0-1. 
0-01 
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The relative catalytic effect of acetic and hydrochloric acids is practically the same for phenylpropenyl- 
as for propenylethynyl-carbinol; for phenylvinylcarbinol it is somewhat lower (Table IV). 


TABLE IV. 
The effect of acid catalyst (t = 60-0°, Cyroq = 80). 
1042, min.-}, 

Carbinol. Ca =0-0lm-HCl  ca=1m-HOAc. 
EEN 4-54 0-135 33-6 
Phenylpropenyl- 2030 43-1 47-1 
Propenylethynyl- 1-0 * 0-020 * 50-0 


* Part I (loc. cit.). 


TABLE V. 
Temperature and Solvent Effects. 
| 104k, 10*k, 
. &* D. Ca. min.“ m. D. Ca. min.~!, m. 


Rearrangement of phenylvinylcarbinol in aqueous alcohol. 
30-0° 60 46-3 O-lm-HCl 4-26 50-0° 60 41-4 


0-Im-HCl 50-0 
70 861 O1 ,,. 801 o 
80 346 O01 ., 0-138 80 310 0-01 1-58 

70 383 O1 -69 7 
80 326 0-48 80 293 O01 |. 4-54 

Rearrangement of phenylvinylcarbinol in aqueous dioxan, | 

30-0 40 409 O-lIm-HCl 14:3 50-0 40 36-8) OIM-HCL 153.9 
60 236 O1 ,, 3-80 0-033 60 215 O1 ,, 48-7 
60 23-6 0-02 ,, 0-69 60-0 40 352 Ol ,, 508 

40-0 40 388 O1 , 475 60 082 
60 226 O1 150 

Rearrangement of phenylpropenylcarbinol in aqueous alcohol. 
00 60 55:3 0-Olm-HCl . 6-85 400 60 43-9 0-Olm-HCl 622 

70 485 O01 ,, 0-039 70 383 O01 ,, 0-037 
80 416 O01 1-90 80 326 O01 | 237 
80 41-6 0-002 , 0-36 80 326 0-002), - 46-0 

300 60 ° 463 O01 ,, 221 500 60 41-4 OO1 ,, 1840 
70 405 |, 145 0-034 70 361 1190} 0-039 
80 346 O01 |, 849 80 310 OO1 745 
80 346 0002, 148 80 31:0 0002; 184 

Rearrangement of phenylpropenylcarbinol in aqueous dioxan. 
00 40 47-2 OOlmM-HCl 255 500 40 368 0-0lm-HCl 4,500 

5-49 60. 216 15190 03h 

300 40 409 716 600 40 352 11,700 

40-0 40 388 
60-226 


' * cg refers to the solvent specified for the particular rearrangement. 


Measurements at different temperatures (Table V) show that the solvent effects (m) remain fairly constant 
between 0° and 60°. The rate constants at different temperatures accurately obey the Arrhenius equation 
(Fig. 4). Arrhenius and isodielectric energies of activation are given in Table VI. 

Isolation of the reaction products yields mixtures of the rearranged carbinols and their ethyl ethers from 
alcoholic media, and solely the rearranged carbinols from dioxan media. Estimations of the proportions of 
carbinol and (deduced by difference) ethyl ether produced in the former case were carried out by measuring 
the volume of methane evolved with an ethereal solution of methylmagnesium iodide, analysis by meahs of 
refractive index and extinction coefficient determinations proving unsuitable (see Experimental). The product 
of the rearrangement of phenylpropenylcarbinol in 60% alcohol at 50° contains 47% of the ethyl ether of 
styrylmethylcarbinol; in 80% alcohol the product contains 60% of the ether. If the reaction in 60% alcohol 
is stopped at half-rearrangement, the product contains 23% of ether, i.e., half as much as after complete 


ling 
in.-*, 
20 


Braude, Jones, and Stern: 


TABLE VI. 


Arrhenius and isodielectric energies of activation. 


Conditions. May. b. 


Phenylvinylcarbinol. 


” 80 ” 7 23-0 


0-Im-HCl, 40% Dioxan 23-5 0-032 


Phenylpropenylcarbinol. 


60% EtOH 19-6 0-286 
19-7 0-037 0-256 
0-002m-HCl, 20-7 0-225 
0-0lmM-HCl, 40% Dioxan ...............00 18-2 0-033 0-187 
60 19-5 0-084 


rearrangement. The half-times, and therefore the rates of rearrangement and etherification, thus appear to 
be the same. With phenylvinylcarbinol rearrangement in 60% and 80% alcohol results in products con- 
taining 52% and 64% of cinnamyl ethyl ether respectively. Half-rearrangement in 60% alcohol results 
in 48% etherification, i.e., almost as much as complete rearrangement. Cinnamyl alcohol under the same 
conditions undergoes no etherification, nor does phenylvinylcarbinol in the absence of acid. These results’ 
clearly indicate that in acid solution phenylvinylcarbinol is etherified before as well as during rearrangement. 
The fall in first-order rate constants observed in this case is obviously due to the fact that the unrearranged 


ether is formed at a rate comparable to that of the rearrangement of the carbinol, but is itself less easily 
rearranged than the carbinol. 
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EXPERIMENTAL. 


Materials.—Phenylvinylcarbinol (1). A solution of acraldehyde (28 g.) in ether (60 c.c.) was added to phenylmag- 
nesium bromide (from Mg, 12 g.) in ether (300 c.c.) during one hour at 0°, the solution was stirred for 2 hours and then 
treated with a cold saturated solution of ammonium chloride. After isolation of the product in the usual manner, 
nae vinylcarbinol (40 g.) was obtained with b. p. 53—54°/0-15 mm., njf* 1-5464 (Burton and Ingold, J., 1928, 904, 
give b. p. 106—107°/15 mm.; Delaby, Compt. rend., 1932, 194, 1248, gives b. p. 77°/2 mm., nif" 1-5456). Light absorp- 
tion in alcohol (see Fig. 1; ¢ = molecular extinction coefficient) : Maxima, 2480 and 2510 A.; € = 830 and 820, 
respectively. Inflexions, 2420 and 2565 a.; = 760 and 750, r tively. (Hillmer and Schorning, Z. physikal. Chem., 
1934, 168, A, 81, give maximum at 2470 a.; ¢ = 1320, this higher intensity value . 
probably indicating the presence of some rearranged material.) 

Cinnamyl alcohol (II). This had b. p. 139°/16 mm., "3 1-5805, m. Pp. 33° (Bruhl, 
Annalen, 1886, 235, 1, gives n?®° 1-5819 for the trans-, and Gredy, Bull. Soc. chim., 
1936, 3, 1093, gives n?2° 1-5710 for the liquid cis-isomer). Light absorption in alcohol 
(Fig. 1): Maxima, 2480, 2510, 2810, and 2910 a.; ¢ = 19,000, 19,500, 1350, and 
1050, respectively. (Hillmer and Schorning, Joc. cit., give maxima, 2493, 2830, and 
2926 a.; ¢ = 17,000, 1175, and 890, respectively.) 

Phenylpropenylcarbinol (III). Freshly distilled crotonaldehyde (17-5 g.) in ether 
(70 c.c.) was added to phenylmagnesium Locmniée (from Mg, 12 g.) in ether (300 c.c.) 
during one hour at 0°, the solution was stirred for one hour and then treated with 
saturated ammonium chloride solution. Isolation of the product with ether, drying 
with anhydrous potassium carbonate, and distillation yielded phenylpropenylcarbinol 
(35 g.), b. p. 76—77°/0-4 mm., nf 1-5389. Active hydrogen (Zerewitinoff), 1-0. 

alues of ”p given in the literature vary (see p. 403): Burton, J., 1929, 455, gives 
b. p. 121-5—123-5°/14 mm.; Ingold and Wilson, J., 1933, 1493, give b. p. “gr ft 
mm., 220° 1-5412; enyon, Partridge, and Phillips, J., 1937, 207, give b. p. 126°/ 
mm., nf 1-5525.] Light absorption in alcohol (Fig. 2): Maxima, 2510 and 2580 a.; 
e= 450 and 450. 

Styrylmethylcarbinol (IV). Freshly distilled cinnamaldehyde (122 g.) in ether (200 
c.c.) was added to methylmagnesium bromide (from Mg, 24 g.) in ether (200 c.c.) dur- 
ing 2 hours at 0°, the solution was stirred for 15 hours, and then treated with cold 
saturated ammonium chloride solution. Isolation in the usual manner gave phenyl- 
butadiene (about 15 g.) and styrylmethylcarbinol (75 g.), b. p. 104°/1 mm., n° 
1:5665, which partly solidified on standing at 0° and after two crystallisations from 
pentane had m. p. 30—32° [Muskat and Herrman, J. Amer. Chem. Soc., 1931, 58, 
252, give b. p. ilze/4 mm., nj!" 1-5536 (cis ?) and 1-5550 (trans ?); Wright, /. 
Org. Chem., 1936, 1, 457, gives b. p. 109°/3-5 mm., m. p. 31°, n#° 1-5700; Kenyon, 
Partridge, and Phillips, J., 1936, 85, give b. p. 129—131°/11 mm., nj" 1-5741, m. p. 
33°]. Light absorption in alcohol (Fig. 2): Maxima, 2480, 2510, 2810, and 2920a.; 
e = 19,000, 19,500, 2,000, and 1,550, respectively. 

Kinetic Measurements.—These were carried out by the method already described 
(Parts I and III, Jocc. cit.). An improved type of reaction vessel (Fig. 5) was em- 
ployed, allowing deep immersion of the bulb A in the bath and avoiding ground-glass 
joints in the vicinity of the solution. To start a run, a short tube containing the 
carbinol dissolved in 0-2 c.c. of alcohol or dioxan is added to the reaction medium 
(made up with a corresponding deficiency of 0-2 c.c. of the organic solvent) contained 
in A, the cold finger C is replaced, and the flask vigorously shaken. Samples are 
taken by means of a long, narrow-stem, l-c.c. pipette introduced through the neck 
B after tem removal of C. In very fast runs, the carbinol was injected into 
the reaction medium by means of a syringe, but the pipette with which successive 
samples were taken was merely drained after each withdrawal. First-order rate con- 
stants (k) were averaged, runs where deviations exceeded +5% being rejected. 
The estimated maximum error in averaged values of k is +2%. In the rearrange- 
ment of phenylvinylcarbinol in alcoholic media, there is a marked decrease of the first-order rate constant as 
the reaction proceeds, owing to some etherification of the carbinol before rearrangement (see below). Measurements 
in the latter case were generally made during the first half of the reaction, the rate constant being extrapolated to zero 
time. Five typical runs are reproduced below : 


Thermostat 
/eve/ 


104k, 
min,.~. 


Time, 
mins. 


104k, 
min,-, 


at 
2510 a. 


104k, 


at 
2510 A. 


Time, 
mins. 


Time, 
mins. 


at 

2510 a. 

Rearrangement of phenylvinylcarbinol in 0-1m-HCl, 80% (by vol.) alcohol, 50-0°. Carbinol 
concentration 0-14% w/v. 


240 470 17-1 
270 505 16-8 
300 520 15-7 
331 540 15-0 


* Extrapolated. 


20-5 * 
18-6 
17-7 
17-6 


Rearrangement of phenylvinylcarbinolin 0-1m-HCl, 80% (by vol.) dioxan, 50-0°. 


concentration 0-1% w/v. 
254 730 


282 
840 


315 
360 900 


401 | 
- 0 60 360 560 14-6 ‘i 
120 300 390 580 14-2 
152 345 420 605 13-9 1 
180 390 7500 1300 - 
Carbinol 
0 60 as 1:3 391 960 32-9 
120 460 32-0 0-6 436 1000 32-4 
150 540 32-3 31-3 2400 1300 _ 
182 620 32-7 31-3 (Mean) 31-9 


Braude, Jones, and Stern: 


Rearrangement of phenylpropenylcarbinol in 0-01m-HCl 80% (by vol.) alcohol, 40-0°. Carbinol 
concentration 0-14% w/v. 


0 60 — ' 24 575 250 39 780 255 
12 360 254 27 625 253 42 795 246 
15 410 245 33 695 245 275 1200 — 
18 475 251 36 735 249 (Mean) 250 


Rearrangement of phenylpropenylcarbinol in 0-01m-HCl, 80% (by vol.) dioxan, 40-0°. Carbinol 
concentration 0-1% w/v. 


0 60 — 24 540 190 44 , 800 199 
9 305 208 29 615 193 49 845 198 
14 395 201 34 675 192 54 925 215 
19 500 212 39 750 200 350 1260 — 
(Mean) 201 


Rearrangement of phenylpropenylcarbinol in 1m-HCl, 80% (by vol.) alcohol, 30-0°. Carbinol 
concentration 0-14% w/v. 


0 60 _— 0:50 845 23,200 10 1200 _ 
0:33 685 23,900 0-67 970 24,100 (Mean) 23,900 


It will be noticed that the “ kinetic” end values are somewhat lower (3—8%) than the absorption intensities of 
the pure rearranged carbinols prepared by an alternative route, or isolated from the reaction mixture (see below). For 
instance, the average end value obtained with phenylvinylcarbinol is E}%, (max.) = 1300, whereas pure cinnamyl 
alcohol has E}%, (max.) = 1400. With phenylpropenylcarbinol, the average end values are 1200 in aqueous alcohol 
and 1260 in aqueous dioxan, whereas pure styrylmethylcarbinol has E}*, 1300. Individual end values obtained in 
different runs in one type of medium agreed within + 20 (i.e., +2%) and the differences between “‘ kinetic ’’ and “ pre- 
parative ” end values are thus well outside the experimental error. Similar discrepancies have previously been noted 
in the oxotropic formation of vinylacetylenylcarbinols (Part III, Joc. cit.) These discrepancies cannot be due to cali- 
bration or sampling errors; e.g., pure cinnamyl alcohol (E}%, = 1400), dissolved in 50 c.c. of solvent and sampled as in 
a kinetic run, gave identical values of 7 = 1400, 1420, and 1400. Nor, in the case of rearrangements in alcoholic 
media, can the differences be due to the partial etherification of the carbinol during rearrangement, since the carbinols 
and their ethyl ethers have almost identical molecular extinction coefficients (see below). Amongst the more probable 
remaining explanations, are the following: (i) The reactions do not go quite to completion, but reach an equilibrium at 
ca. 95% rearrangement. (ii) In solution, the cis-isomers of the rearranged carbinols are predominantly formed and have 
slightly lower extinction coefficients than the fvams-isomers. The latter explanation appears to be supported by the 
variable refractivity data, and the existence of the cis-isomer has also been demonstrated by Raman-spectra evidence 
(Gredy, Joc. cit.), but no definite conclusion can at present be reached. 


VII. 
Composition of reaction product, %. 
Conditions.* Before distillation. _—»_ After distillation. 
Rearrange- Ether Ether 
Carbinol. Catalyst. Time. ment. Carbinol. (by diff.). Carbinol. (by diff.). 
Phenylvinylcarbinol ...... No acid 30 hrs. None 99 1 Not distilled 
0-Im-HCl 30 hrs. Complete 48 52 52 48 
a e 3 hrs. Half 52 48 Not distilled 
90 hrs. Complete 36 64 32 68 
Cinnamy] alcohol ............ Yas 30 hrs. -- 98 2 100 0 
Phenylpropenylcarbinol ... 0-01mM-HCl 1 hr. Complete 53 47 51 49 
+ see os 4 mins. Half 77 23 Not distilled 
” * 3 hrs. Complete 40 60 34 66 


809% All data relate to experiments at 50°, and all relate to 60% EtOH except the fourth and the last, which were in 
t . 


Analysis of Reaction Products Rearrangements were carried out with 2 g. of carbinol in 50 c.c. of medium. After 
dilution with 300 c.c. of water, the products were isolated with ether and fractionated in a micro-distillation apparatus 
(Shrader and Ritzer, Ind. Eng. Chem. Anal., 1939, 11, ~ 

Rearrangement of phenylvinylcarbinol in 60% alcohol. Treatment with 0-1m-hydrochloric acid at 50° for 25 hours 
afforded : (i) Cinnamyl ethyl ether (0-5 g.), b. p. 48—51°/0-0025 mm., 3?" 1-5420, light absorption maxima at 2475 and 
2505 a., E}%, = 1000 (Bert, Compt. rend., 1925, 180, 1504, gives b. p. 127—128°/22 mm., n}* 1-547; Darmon, 
Bull. Soc. chim., 1941, 8, 414, gives b. p. 140—142°/30 mm., 35" 1-536). (ii) Cinnamy] alcohol (0-35 g.), b. p. 68 —65° /0-0025 
mm., nj" 1-5744, m. p. 32°, light absorption maximum at 2510a.; E}%, = 1300. (iii) Mixed middle fractions (0-8 g.). 

Rearrangement of phenylvinylcarbinol in 60% dioxan. Treatment with 0-lm-hydrochloric acid at 50° for 20 hours 
ore cinnamyl alcohol (1-7 g.), b. p. 62—65°/0-001 mm., n}#" 1-5800, m. p. 33°, light absorption maximum at 2510 4.; 
= 1380. 

Rearrangement of phenylpropenylcarbinol in 60% alcohol. Treatment with 0-0lm-hydrochloric acid at 40° for one 
hour afforded: (i) Styrylmethylcarbinyl ethyl ether (0-85 g.), b. p. 77—79°/0-6 mm., ni*®* 1-5324, light absorption 
maxima at 2470 and 2510 a.; Ei%, = 1050 (Found: C, 81:75; H, 9-05. Calc. for C,,H,,O: C, 81-75; H. 9-15%) 
(Kenyon, Partridge, and Phillips, J., 1937, 207, give b. p. 114°/11 mm., m¥¥" 1-5262). (ii) Styrylmethylcarbinol (0-1 g.), 
b. p. 86—88°/0-6 mm., nif 1-5631, light absorption maximum at 2510 a.; E}%, = 1300. (iii) Mixed middle fractions 
(0-75 g.). 
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Rearrangement of pieeeaprapeneteertinct in 60% dioxan. Treatment with 0-0lm-hydrochloric acid at 40° for one 
hour gave styrylmethylcarbinol (1-8 g.), b. p. 9°/0-001 mm., n#" 1-5654, m. p. 30—32°, light absorption maximum 
at 2510 a.; Ei%, = 1300. 

The procedure described above was not suitable for the accurate determination of the proportions of carbinol and 
corresponding ethyl ether formed in alcoholic media, for the following reasons: (i) The differences in refractive indices 
and extinction coefficients of the carbinols and their ethyl ethers are small, and the experimental error may amount to 
ca. 5% of the difference. (ii) The refractive indices, as recorded by different workers, as well as our own, v: over a 
considerable range, probably owing to the existence of geometrical isomers (Gredy; Muskat and Herrman; Wright; 
locc. cit.). (iii) Styrylmethylcarbinol is readily dehydrated to phenylbutadiene, and although this can be avoided by 
suitable precautions, e.g., distillation in small bulk at very low pressures from a trace of potassium carbonate, this 
tendency is enhanced by prolonged heating and fractionation. 

The proportion of carbinol in the reaction product mixture could be accurately determined, however, by estimation 
of active hydrogen content, using the modified Zerewitinoff method described by Braude and Stern (following paper). 
Rearrangements were carried out using 1 g. of carbinol in 50 c.c. of medium, and the isolated products (+ 0-8 g.) were 
examined, after thorough drying. The material was then distilled at 0-001—0-005 mm., and the active hydrogen content 
redetermined. The results are collected in Table VII. The percentage carbinol content tends to decrease slightly on 
distillation, but remains practically within the experimental error (+2%). 


DIscussIoNn. 


The Reaction Mechanism.—The salient features of the reaction may be summarised as follows : In solution, 
the presence of hydrogen ions is necessary for rearrangement to occur. In the case of phenylpropenylcarbinol 
the reaction is of the first order and the rate constant is independent of the carbinol concentration. The 
variations of the rate constant with acid concentration and solvent composition closely resemble those found in 
the rearrangement of propenylethynylcarbinol (Parts I and II, locc. cit.), and the rate constant is directly 
proportional to the proton-donating properties of the medium as measured by the acidity functions, which 
will be reported in a subsequent paper. The energy of activation is practically independent of medium com- 
position, if corrected for the temperature-dependence of the dielectric constant, but the isodielectric energy of 
activation is lower by ca. 3 kg.-cals./mol. for aqueous dioxan than for aqueous alcoholic media. In the latter 
the ethyl ether of the rearranged carbinol is formed in amounts roughly dependent upon the molecular 
proportion of alcohol in the medium, ether formation proceeding simultaneously with rearrangement. In the 
case of phenylvinylcarbinol the characteristics of the reaction in dioxan media closely resemble those found for 
the propenylcarbinol. In alcoholic media, however, some etherification also occurs before rearrangement, 
and the ethyl ether appears to rearrange less readily than the carbinol. The rate constants fall as the 
reaction proceeds’and anomalies are observed in the energies of activation. 

It is clear that these facts are not accounted for by mechanisms of the type proposed by Burton and Ingold 
(loc. cit.), namely, 


slow fast 
ROH Rt + OH- ——> R’OH 
and Kenyon, Partridge, and Phillips (J., 1937, 207), namely, 


slow 
ROH R’OH 


since, inter alia, they do not explicitly require the presence of hydrogen ions, or by a bimolecular mechanism 
of the type 


slow fast 
ROH + Ht Rt R’+ R’OH + Ht 


since, inter alia, this should give rise to a reaction of the first order with respect to the carbinol and to hydrogen 
ions, whereas the rate constants are, in fact, independent of the carbinol concentration. All the facts can be 
explained, however, by a mechanism of the type elaborated in detail in Parts I and II (occ. cit.), except that the 


‘rearrangement is clearly not intramolecular in the present case. 


Me-CH-CH=CH:Ph 
H ‘OH 
(or OEt) 
Me-CH=CH-CH:Ph>+ |* |* 
‘H (or EtOH) HH H 
’ (or Et) (or Et) 
A reversible oxonium-ion formation is followed by the rate-determining rearrangement, which involves the 


simultaneous detachment of a water molecule, migration of the electron-pair, and attachment of another water 
(or alcohol) molecule at the 3-carbon atom. The driving force of the reaction is the tendency of the phenyl 
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group and the ethylenic bond to enter into conjugation. It is noteworthy that both the hydrolysis and the 
etherification of cinnamyl halides lead to mixtures of cinnamyl alcohol and phenylvinylcarbinol derivatives 
(Charon, Bull. Soc. chim., 1910, 7, 86; Dupont and Labaume, Chem. Zentr., 1910, II, 734; Meisenheimer and 
Link, Annalen, 1930, 479, 211), and a reversal of the conjugating process is thus possible in a bimolecular 
substitution reaction requiring electron accession at the point of reaction. 

The marked lowering of the energy of activation in aqueous dioxan as compared with aqueous-alcoholic 
media is not unexpected. Infra-red light absorption as well as other evidence (Gordy, J. Chem. Physics, 
1936, 4, 769) indicates that hydroxylic compounds are solvated by dioxan, and it has been shown theoretically 
as well as experimentally that an increase in solvation will result in a lowering of the energy of activation 
(Bell, J., 1948, 629). In the present case, solvation of the carbinol will decrease the energy of separation of 
the carbonium ion and the dipolar water molecule in the transition state. 

The lower mobility of the anionotropic system of the ethyl ether as compared with that of the carbinol, 
indicated by the falling rate constantin the rearrangement of phenylvinylcarbinol in alcoholic media, is paralleled 
by a much lower rate of rearrangement of ethers of propenylethynylcarbinol than of the carbinol itself (un- 


K 
published observation). It is to be ascribed to the smaller equilibrium constant of ROEt + H* => ROHEt* 


K 
as compared with ROH + H* == ROH,*, the overall rate constant being given by k = Kk,, where K is the 
equilibrium constant of the proton-transfer reaction, and k, the rate constant of the rate-determining step. 
The Effect of Substituents on Mobility—The enhanced mobility of phenylpropenyl- over phenylvinyl- 
carbinol may be compared with the corresponding results in the oxotropic formation of the vinylacetylene 
“™ _ and butadiene systems (Table VIII). Both steps of the reaction are facilitated by 
electron accession at the hydroxyl group, and the accelerating effect of the methyl 
H group is to be ascribed to its positive inductive and tautomeric effects (cf. Part III, 
loc. cit.), (see inset). 


Taste VIII. 
K = Dissociation constant of X-CO,H, in water, 25°. & = Rate constant in 60% alcohol, 0-1m-HCl, 30°. 
105K. log K + loghk. log K + log k. 
a 0-00015 — 1-32 0-538 2-88 
1402 0-0535 0-87 80-7 4-05 
6°27 4:26 0-70 2300 4:16 


am and Wenzke, J. Amer. Chem. Soc., 1935, 57, 1265. 


2 Part IV, loc. cit. * Dippy, Chem. Rev., 1939, 


Table VIII also shows the inverse relationship between the relative rate constants of the carbinols and the 
dissociation constants of the corresponding acids X-CO,H, the Hammett equation (Chem. Rev., 1935, 17, 125) 
log k + log K = const. being obeyed except when X = C=CH. The negative inductive effect of the group 
X, due to its intrinsic electron deficiency, is counteracted in the hexynyl group by the butyl substituent, 
and in the phenyl group by the increased electronic mobility of its conjugated system. The sequence of 
decreasing electron attraction, C=CH > C=CBu(m) > CH—CH, > Ph, indicated by the relative rate 
constants, is thus the expected one. 


The authors are indebted to Professor Sir Ian Heilbron, D.S.O., F.R.S., for his continued interest and to the Rocke- 
feller Foundation for financial assistance. 
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80. The Determination of “ Active” Hydrogen. 
By Ernest A. BRAuDE and E. S. STERN. 


A convenient method for carrying out the determination of active hydrogen, using a simple nitrometer 
and diethyl ether as solvent, is described. 


In connection with the analysis of reaction products in some kinetic investigations (Braude, Jones, and Stern, 
preceding paper) the need arose for an accurate and rapid method of determining “‘ active” hydrogen, e.g., the 
proportion of carbinol in carbinol-ether mixtures. The use of the reaction with methylmagnesium iodide 
in ethereal solution for analytical purposes was first suggested by Tschugaeff (Ber., 1902, 35, 3912), the volume 
of methane evolved being measured, The method was further developed by Hibbert and Sudborough (/., 1904, 
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85, 933) and by Zerewitinoff (Ber., 1907, 40, 2023), who substituted diisoamyl ether for diethyl ether as the 
solvent on account of the high vapour pressure of the latter, and found it essential to work in an oxygen-free 
atmosphere. Other solvents, such as anisole and pyridine, have been tried, but ditsoamyl ether has continued to 


TABLE I. 
Values of 10a. 


Atm. press., mm. Hg. 


Temp. 750. 752. 754. 756. 758. 760. 762. 7 
14° 44-3 44-1 43-9 43-7 43-5 43-2 43-0 42- 
15 45-9 45-7 45-5 45-0 44-6 44- 
16 47-7 47-4 47-2 47-0 46°7 46-2 46- 
17 48°8 49-6 49-3 49-0 48-8 48°5 48-3 48- 
18 52-6 52-3 52-0 51-7 51-4 51-1 50:8 50- 
19 55:7 55-4 55-0 54-7 54-4 54-1 53-7 53- 
20 59-0 58-6 58-2 57°8 57-5 57:1 56:8 56- 
21 62-8 62-4 62-0 61-5 61-1 60-7 60-3 59: 


be employed (cf. Hollyday and Cottle, Ind. Eng. Chem. Anal., 1942, 14, 774). 
The preparation of the diisoamy] ether reagent is laborious owing to the diffi- 
culty of rendering the solvent completely anhydrous and free from isoamyl 
alcohol, it is relatively expensive and it does not keep over long periods 
without special precautions. Moreover, the apparatus is cumbersome, and 
tedious to clean and A method has now been developed using diethyl 
ether as solvent in which these disadvantages are overcome and which re- 
quires no special apparatus other than a simple nitrometer. It is only 
applicable, however, to relatively non-volatile compounds with functional 
groups reacting completely at room temperature. 


EXPERIMENTAL. 


The reagent is prepared by reaction of methyl iodide (35 g., 1/4 mol.) with 
excess of magnesium (ca. 8 g.) in sodium-dry ether (200 ml.) and decanting the 
liquid into a 300-ml. brown-glass, stoppered bottle from which air has been dis- 
placed by oxygen-free nitrogen. After some hours the reagent is re-decanted and 
the volume made up to 250 ml. This reagent will keep for several months if exces- 
sive contact with air is avoided. 

Determinations are carried out in an ordinary 50-ml. nitrometer filled with 
dry mercury and fitted with a rubber stopper carrying a small graduated dropping 
funnel (see fig.). About 0-5 ml. of dry ether is placed above the mercury in A. 
The sample (ca. 50—200 mg.) is accurately weighed into a wide specimen tube which 
is p at C, 2 ml. of dry ether are added, and the stopper and funnel are 
replaced. The mercury level in A is adjusted to the zero mark and tap D 
is Closed. The apparatus is tested for leaks by moving B up and down about 
equal distances and for about equal periods, after which the level in A should 
return to zero. 3 Ml. of reagent are then placed in the funnel, B is lowered, and 
about 2 ml. of reagent are allowed to enter drop by drop by manipulating tap D, 
until no further reaction takes place. The level in B is then adjusted slightly shove 
that in A, the apparatus is set aside for 3—5 minutes, and B is then levelled and the 
volume read in A. If ~ D is greased, a blank must be carried out, which should 
not exceed 2 ml. . of reagent used. In normal circumstances, provided 
draughts be excluded and the room temperature be not too high, constant read- 
ings can be obtained over periods of at least 15 mins. No difficulties arising from 
the slow absorption poder se by the reagent have been experienced. The volume 
of the air present is s and is mainly driven over into the nitrometer by the 
evolved. 

e reading in A — (vol. of reagent run in) — (blank reading, ifany) = volume 
of methane evolved at a pressure equal to Fhe coe pressure } — vapour 
pressure of diethyl ether (p’), at the temperature of the experiment. The theo- 
retical volume of methane per atom of “ active ” hydrogen is given by - 


T Wt. 
om = Mol. we. * 22.400 x 5s, X = * We.’ 


Conversion factors a for a e of tem pressures 
: peratures and , calculated from 
Mr; pat ssn data given by Taylor and Smith (J. Amer. Chem. Soc., 1922, 44, 
), are given in Table I. Determinations with six standard substances gave 
II). 


consistent results within - 1—2% (Table 
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TaBLeE II. 
Substance. Wt. (mg.). Temp. (mm.). vos. (ml.). vm (ml). 
cycloHexanol 70-0 20° 765 39-1 39-3 | 0-99 
70-5 20 765 40-0 39-6 1-01 
Benzyl alcohol 57-7 20 761 29-5 29-4 1-00 
63-2 20 761 33-0 33°3 0-99 
Phenol 59-6 17 761 30-7 30-7 1-00 
56-1 17°65 761 28-9 29-6 0-98 
Quinol 29-7 21 765 31-9 16-1 1-98 
30-4 21 765 32-6 16-5 1-97 
Acetic acid 45-7 16 763 35-8 35-1 1-02 
46-9 16 763 36-7 36-0 1-02 
Benzoic acid — 54-7 20 761 31:5 . 31-1 1-02 
55-2 20 761 30-5 31-4 0-97 
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81. The Mechanism of Benzidine-type Rearrangements, and the Réle of 
m-Electrons in Organic Chemistry. 


By M. J. S. DEwar. 


Recently (Dewar, Nature, in the press) a new mechanism for the benzidine rearrangement was proposed 
and its possible application to other rearrangements mentioned. A general theory is now presented which 
provides a large number of related rearrangements with a common and stereochemically possible background, 
and accounts for the reactions of olefins ina novel manner. The theory is based on the formal analogy between 
atomic and molecular orbitals and on the idea that 7-electrons may be capable of forming dative bonds. 


Many aniline derivatives are rearranged on treatment with acids to para-substituted anilines, the general 
reaction being Ma wrx —> x? S NHR, where X can be (a) OH, NHAr; (6) Cl, Br, I, NO,, alkyl; 


(c) NH,, acyl, SOsH; (d) Ar‘N:N. The rearrangements of group (a) appear to be entirely intramolecular 
(Ingold e# al., /., 1927, 1245; 1933, 984).. Those of group (b) are at any rate partly intramolecular (cf. 
Orton et al., Brit. Assoc. Reports, 1912, 117; J., 1929, 915). Those of group (c) have not been investigated, 
and the rearrangements of diazoamino-compounds probably involve fission and resynthesis. 

Electronic theories of these rearrangements have been published by Robinson (/J., 1941, 220) and by Hughes 
and Ingold (ibid., p. 608). Both, however, involve serious stereochemical difficulties; in the transition states 
very long bonds and considerable distortion of bond angles would be required. 

It is generally accepted that in these cases the migrating group migrates as a cation; it has not been 
remarked that in general the cation is derived from a stable anion by loss of two electrons. Now such an electron- 
deficient cation should be able to interact with the x-electrons of an aromatic system, exchange forces holding 
the two together. These exchange forces will constitute a definite chemical bond, differing from an ordinary 
bond only in that it links whole groups and not a pair of atoms. Otherwise it will be formally analogous to the 
bond in the helium molecule-ion, He,+, where again a positive charge makes possible linkage between two other- 
wise saturated entities. 

The positive ion will be able to move about over the z-electron layer of the aromatic system until it eventu- 
ally displaces a hydrogen atom by cationoid attack. The exclusive para-orientation is to be expected by 
analogy with the para-diazo-coupling of aniline derivatives. The acid catalysis of these rearrangements is 
easy to understand on this basis; the general mechanism may be written : ‘ 


NRX NHRX*+ NHR NHR NHR 
+Ht—> ( > [ + Ht 
\ \ \ 


A somewhat different symbol for the intermediate “‘ x-complex”’ has been used here; it seems more con- 
venient than that in the original paper. In the formation of the n-complex the cation X* is, of course, never 
detached; the nitrogen atom itself forms part of the extended aromatic system, and therefore the bonding 
of the migrating group can undergo transition to a x-bond before it has left the vicinity of the nitrogen atom. 
In the x-complex the positive charge will naturally be shared with the ring, since the positive ion is held by 
electron-exchange. 


The stability of the complex will vary inversely with the stability of the positive ion. The ions OH* and 


406 
PhNE 

to for 
hand, 
and st 

In 
under 
rearra 
1154, 
cation 
of gro 
p-tolv 
intrar 

Jacot 
anism 
been 

(Reve 

= inter, 
that 

I 

Som 
( 
. are ¢ 
but 

( 
aron 
a the ] 
readi 


[1946] and the Role of 7-Electrons in Organic Chemistry. 407 


PhNH* must be very unstable; therefore the x-complexes formed by them are very stable and no migration 
to foreign nuclei has been detected in the semidine or phenylhydroxylamine rearrangements. On the other 
hand, the benzenediazonium cation is quite stable; it has therefore very little tendency to form a r-complex 
and so diazoaminobenzene rearranges by fission and coupling. 
Intermediate stability would be expected for the ions in group (6); it is in just these rearrangements that 
the evidence of mechanism is most conflicting. The migrating groups can be transferred to other nuclei 
under suitable conditions and the rearrangements often occur partly by intermolecular processes. Neverthe- 
less, Orton and his collaborators (loc. cit.), after a detailed investigation, concluded that the N-nitroaniline 

’ rearrangement is at least partly intramolecular and the same seems certainly true of the N-haloacetanilide 
rearrangements in aprotic solvents (Bell et al., Proc. Roy. Soc., 1934, A, 148, 377; 1935, A, 151, 211; J., 1936, 
1154, 1520; 1939, 1774). However, since the m-complexes in these cases are less stable, they should act as 
cationoid reagents and under suitable’conditions substitute other molecules. This explanation of the migration 
of groups to foreign molecules seems far more attractive than any based on the occurrence of free cations in 
solution, as suggested, for example, by Israel, Tuck, and Soper (J., 1945, 547). 

A number of other rearrangements probably involve similar intermediates. The interconversion of o- and 
p-toluenesulphonic acids in hot sulphuric acid was shown by Holleman and Caland (Ber., 1911, 44, 2519) to be 

intramolecular; it can be formulated as 


x 
Cys + Ht —> — 0 + Ht 
O,H 


It is interesting that m-toluenesulphonic acid does not rearrange under these conditions; an ortho- or para- 
methyl group is required to activate the carbon bearing the sulphonic acid residue to cationoid attack. The 
Jacobsen rearrangement (cf. Smith, ‘‘ Organic Reactions,’’ Vol. 1, p. 370) has probably an exactly similar mech- 
anism, an alkyl group or halogen migrating; here, transfer of the migrating group to another molecule has 
been observed. Another rearrangement of the same type has been reported in the nitration of p-iodoanisole 
(Reverdin, Ber., 1896, 29, 1000); this may involve the mecpaeiam 


OMe OMe OMe 
-||-I+ + Ht 
¥ 
0. 
H,0—No, 
KJ 


The para Claisen rearrangement and the catalysed rearrangements of alkyl aryl ethers may involve x-complex 
intermediates; the ortho Claisen rearrangement may also involve one; of different type. Since it is unlikely 


that free protons could be liberated in the absence of a base, the rearrangement may involve the following 
process : 


aN 


In the representative rearrangements discussed above, x-complexes occur only as short-lived intermediates. 
Some evidence suggests, however, that they may be capable of stability of a much higher order. 
(1) Solutions of iodine in benzene have abnormal colour and dipole moments. These puzzling phenomena 


are at once explained if in them a n-complex is partly formed. It is not suggested that ionisation is complete, 
but that the product of interaction may be written as (I). 


\ \ H 
(I.) (II.) 


(III.) 


(2) Although anhydrous hydrogen fluoride does not dissolve paraffins and polymerises olefins, it dissolves 
aromatic hydrocarbons to give coloured solutions (Klatt, Z. anorg. Chem., 1937, 284, 189), probably containing 
the hydrocarbon as cation (only bases and salts dissolve in anhydrous hydrogen fluoride). This cation can 
readily be formulated as a x-complex (II). Further investigation of these solutions would be of great interest. 
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(3) Hammett and Deyrup (J. Amer. Chem. Soc., 1933, 55, 1900) have found that dibenzylideneacetone 
and cinnamylideneacetophenone give four-fold depression of freezing point in concentrated sulphuric acid; 
each molecule of ketone must therefore add three protons; this is readily understood if the products are 
n-complexes, e.g., (III). 

The rearrangements of hydrazobenzene derivatives are somewhat more involved since two benzene rings 
participate in the intermediate complex. The general course of the reaction was considered in the earlier 
paper and need not be recapitulated. It seems more likely, however, that the x-complex is formed by trans- 
formation of the N—-N bond into a x-bond, the rearrangement thus falling into line with the others already 
mentioned. Itisinteresting that in the rearrangement of 3 : 5: 3’ : 5’-tetramethylhydrazobenzene an unusually 
large amount of diphenyline is formed (Carlin, J. Amer. Chem. Soc., 1945, 67, 928). In the configuration of the 
m-complex (IV) leading to the benzidine, both pairs of methyls are opposed and should sterically hinder each 
other; in the configuration (V) leading to the diphenyline only one pair of methyls is opposed. 


H,N NH H,N Me 


r+ 
CH,='=CH, 


e 
(IV.) (v.) (VI.) 


The formation of x-complexes should not be limited to aromatic systems, since olefins also possess x-electrons. 
A number of three-membered rings, postulated as reaction intermediates, are probably examples of x-complexes ; 
thus in the addition of bromine to a double bond the cyclic intermediate is probably (VI). The pinacol- 
pinacolin and related rearrangements can also with advantage be interpreted with m-complex intermediates. 
According to the older ideas, the migrating group is, in the transition state, attached simultaneously to two 
atoms by partial bonds, the transition state being represented by (VII). The behaviour of neopentyl halides 
on hydrolysis (cf. Hughes, Trans. Faraday Soc., 1941, 37, 620) shows clearly, however, that in replacement on a 
carbon atom the partial bonds in the transition state must be linear, a condition not satisfied by (VII). The 
intermediate is better represented as a x-complex (VIII), in which the migrating group retains its normal valency 
and stereochemistry. Since the replacement of a normal bond by a n-bond may involve very little energy, 
no bond-stretching being necessary, the ease of these rearrangements, and particularly of rearrangements of 
aliphatic cations, is readily understood. 


R Rt 
(vi) >cZ Sc< scalace (VIII) 


In the molecular orbital method of quantum-mechanical approximation, molecular orbitals do not differ 
essentially from atomic orbitals. The present theory suggests that if this be so, then the electron-pair occupy- 
ing a molecular orbital should be available for dative-bond formation in the same way as is an unshared 
electron-pair on a single atom. The main requirement for such a molecular dative bond will be that the mole- 
cular orbital should overlap efficiently with the vacant orbital on the acceptor atom or group. For steric 
reasons o-orbitals must be very inefficient in this sense, and therefore such molecular bonding can take place 
only with z-electrons, which are well adapted sterically for the purpose. 

It has been difficult to explain in classical electronic theory why simple olefins should function so exclusively 


as anionoid reagents; cationoid reactivity, ye cH Stn, would be expected to occur with almost equal 
facility, and is in fact commonly observed in conjugated systems. According to the present theory, the 
anionoid reactivity of simple olefins is due to a different process. The n-electron pair of ethylene, like the 
unshared pair in tervalent nitrogen, is available for dative-bond formation, and the reactions 


H H 
Br-; R,N  CH,—Br —> R,N—CH, Br- 
2 2 


are strictly analogous. In conjugated polyenes the ordinary electromeric processes may assume greater 
importance. 

It may be added in conclusion that Pitzer (J. Amer. Chem. Soc., 1945, 67, 1126) has been led by somewhat 
different theoretical considerations to postulate a similar type of bonding in the hydroborons and salt-olefin 
complexes. 


Dyson PERRINS LABORATORY, OxFORD UNIVERSITY. [Received, October 24th, 1945.] 
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Some Recent Developments in the Chemistry of Free Radicals. 


TitpEN LECTURE, DELIVERED IN MANCHESTER ON JANUARY 24TH, 1946, AND IN GLASGOW ON 
FEBRUARY 15TH, 1946. 


By A. Waters, M.A., Sc,D. 


To every organic chemist the-term ‘‘ free radical ’’ calls to mind the reactive substance triphenylmethyl and the 
brilliant researches of Gomberg, which demonstrated the inadequacy of the XIXth Century doctrines of the 
quadrivalency of carbon. This work finally demonstrated that hexaphenylethane can, and does, dissociate 
in two ways: homolytically, in non-ionising solvents to give ‘‘ trivalent carbon radicals’, and heterolytically 
in ionising (co-ordinating) solvents to give two ions. 


Ph,C- é (CPh,)* 
We can today define a “ free radical ’’ as a product of a homolytic bond fission, and utilise for purposes of 
diagnosis an inherent property of an unpaired electron—its magnetic moment. Whatever their chemical 
reactivity, free radicals are invariably paramagnetic substances (of molecular susceptibility, Xp €4. 1200 x 10 * 
e.m.u.), in marked contrast to all normal covalent molecules, and ions, which, except for derivatives of certain 
transition metals and rare earths,! are diamagnetic (of susceptibility, yz, —10 to —100 x 10-* e.m.u.). 

The existence of “‘ radical-ions,”’ such as the aminium salts, e.g., (p-Tol, N—NTol,)* (C10,)~,? thus does not 
introduce theoretical complexities, for they are paramagnetic salts, whilst again chemical similarities between 
the simple inorganic molecules, oxygen gas and nitric oxide, and the organic free radicals receive a physico- 
chemical explanation. 

Magnetic susceptibility measurement has, in recent years, become a valuable physical tool, not only for 
establishing whether or not any substance is a true free radical, but also for examining quantitatively the 
homolytic dissociability of covalent bonds. Though direct gravimetric methods *:* may give results of more 
accurate absolute value, the manometric method of inserting one arm of a U-tube between the poles of a powerful 
electromagnet and observing the shift in level of a solution when the magnetic field is applied is the more 
convenient for the organic chemist, for he can prepare and examine his products in sealed glass systems 5 and 
thereby work easily with active radicals, such as triphenylmethyl, which must be handled in the complete 
absence of oxygen. 

Of the many interesting results which have emerged from these magneto-chemical investigations of organic 
substances, the following have a special theoretical interest :— 

1. Di-vadicals such as (I) can of course exist, but in the para series it has often been queried whether the 
corresponding reactive hydrocarbons were di-radicals (II) or quinones (III). The magnetic studies of Miiller * 


a ca 


Me 
(II.) (III.) (V.) 


have shown that the quinonoid structure (III) is the favoured one, rather than (II) or its dimer, but that 
when the central diphenylyl system is so substituted in the ortho positions that free rotation is sterically hindered, 
and coplanarity of the rings becomes impossible, then a genuine benzenoid di-radical (IV) is formed. This work 
demonstrates the essential coplanarity of quinonoid systems, such as (III), and affords an excellent justification 
of Pauling’s contention that coplanarity is a pre-requisite-for any resonance interchange (i.e., bond formation) 
between two electron orbits however far apart they may be. 

2. The elucidation of the structural features which influence the dissociability of structures R,C-CR, has 
engaged the attention of both experimental and theoretical chemists for the past forty years, and though a 
reasonable qualitative explanation can now be given in terms of the resonance theory,’ the subject is still 
too complex for successful quantitative treatment. Recent magnetic measurements * have shown that the 
occurrence of side reactions, such as disproportionation (see below, p. 411), invalidates much of the earlier 
cryoscopic data, and reveals that the increasing of the number of possible canonical states in the radical R,C- 
is not the only structural factor of significance. In addition, the presence of substituents ortho to the weak 
bond, as in (V), favours homolysis most definitely.® 
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It has been suggested, with some physical justification,’ that this ‘‘ ortho effect ” is steric, and leads to a 
stretching of the central C-C bond. In this respect theory seems to have come full-circle back to the views of 
Gomberg and Baeyer; this exemplifies once again how the experimental organic chemist seems to be led 
instinctively to a conclusion which, much later, is established any, though with extreme difficulty, by 
the mathematical physicist. 

This dissociation problem has another theoretical aspect of importance. Ziegler and his colleagues 11 have 
shown that the rates of reaction of compounds R,C-CR, with nitric oxide, or better with oxygen, can be used 
for measuring the rate of dissociation of the central C-C link. They find inevitably that the activation energy 
for the dissociation process is greater than the heat of dissociation, a fact which accords with the view that a 
tetrahedral group, R,C-, in R,C-CR, becomes stabilised as a planar free radical, R,C-, with the unpaired 
electron in an s orbital. Also from investigations of compounds AlkylCPh,-CPh,Alkyl they have shown that 
both the ‘‘ PZ” and the “‘E”’ terms of the Arrhenius equation k = PZe~#/R? are modified by changes in the 
nature of the alkyl groups.4* Changes in the “ P-factor ” of the order of 10?, to as much as 10, are by no 
means unusual. Evidently no comprehensive theory of covalent bond fission can be derived from energy 
considerations alone 

So far, this lecture has dealt with developments in the chemistry of the free radicals of the Gomberg type, 
but this subject must now be regarded as but one of the many branches of the chemistry of free radicals, for 
there has developed, within the past twelve years, a whole new subject, termed by Professor D. H. Hey “‘ The 
New Organic Chemistry,” #* which deals with the participation in organic reactions in solution of short-lived 
unstabilised radicals, such as free methyl, CH,’, and free phenyl, C,H,*, which are identical with the active 
agents of homogeneous gas reactions. So extensive is this subject already that I shall have to confine my 
attention to synthetic reactions and technical processes of value. 

The existence, in the gas phase, of free methyl was first demonstrated in 1929 by Paneth and Hofeditz, 
who used for diagnosis its reactions with mirrors of metals such as lead, zinc, and antimony, and later with 
mercury, tellurium, and other elements to give organo-metallic compounds, e.g., PbMe,, Me,Sb-SbMe,, which 
could not be formed directly from known stable hydrocarbons. In 1934, Wieland’s indications 1° that free 
radicals were obtained by the thermal decomposition, in solution, of compounds Ph,C—-N—N—R (R = Acyl or 
Aryl) led D. H. Hey ** to postulate that the spontaneous decomposition of benzenediazoacetate (N-nitroso- 
acetanilide) in aromatic solvents involved the production of electrically neutral phenyl radicals (rather than 
phenyl cations or anions) which immediately attacked vicinal solvent molecules. In support of this he showed 
(a) that the rate of decomposition of benzenediazoacetate was unimolecular and approximately the same in all 
solvents, and (b) that benzenediazoacetate phenylated aromatic solvents, C,H,X, in all three positions (the 
para and ortho products being isolated most easily) in their aromatic rings, irrespective of the polar nature of the 
group X (and of orientation laws for the substitution of C,H,X). Further evidence for the production of 
neutral phenyl from benzenediazoacetate 1” is (c) the regular abstraction of hydrogen from aliphatic solvents, 
and of halogens from halogenated liquids, and (d) reaction with metals to produce organo-metallic compounds 
which are clearly analogues of products formed by the Paneth technique. 

It is extremely interesting to find that diazonium chlorides react similarly with metals in suspension in neutral 
acetone, and to a lesser extent under ethyl acetate and methyl cyanide,1*® but not under many other solvents, 
and appear therefore to be capable of existence in a covalent “ diazo-state,”” Ar—N—N—Cl, which decom- 
poses to give a neutral aryl radical and a free chlorine atom. 

These decompositions of aromatic diazo-compounds have valuable synthetic applications which have not 
yet been explored in any great detail. Hey’s own subsequent studies # have shown that diazoacetates and 
diazohydroxides formed in situ can be used extensively for the union of aryl nuclei : 


Ph—N=N—OAc —> Ph: + N, + -OAc 

Ph: +C,H,;X —>»Ph-C,H,X + H- 

Ph: +C,H;N —>Ph-C,H,N + H: 
and are of particular value for the synthesis of unsymmetrical diphenyls and polyphenyls, and also of aryl- 
substituted pyridines, including useful dyes and substances of some therapeutic value. 

The reactions of diazonium chlorides with metals can be developed into new synthetic methods for the pre- 
paration of organo-metallic compounds of mercury, arsenic, antimony, tellurium, and perhaps other elements.” 
The syntheses by Nesmejanow and his colleagues in Russia *1 of aromatic compounds of mercury, tin, and lead, 
by reducing diazonium double salts in organic solvents, and also the Bart and Schmidt reactions for preparing 
aryl arsonic and stibonic acids, ¢.g., 


Ph:N,‘OH + Na,HAsO, —> Ph-AsO(ONa), + H,O + N, 


can be explained along these lines. 

Besides substituting into aromatic nuclei and abstracting hydrogen from paraffin chains, the free aryl 
radicals derivable from diazoacetates or diazohydroxides will add on to many olefinic substances, and give 
eventually either arylated olefins or long chain polymers. For instance, in 1939, Meerwein, Biichner, and Von 
Emster *? showed that diazo chlorides in neutralised aqueous acetone, in the presence of a trace of a cupric salt, 
would arylate «B-unsaturated esters, ketones, and cyanides, whilst a similar reaction occurs with quinones and 
with nitrosophenols.?* Meerwein and his colleagues believed that the aryl group regularly added on to the double 
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bond in the «-position to the activating CO orCN group, but more recently Koelsch ** in U.S.A. has shown that, 
whereas ethyl cinnamate gives the a-phenyl derivative, ethyl crotonate and vinyl cyanide both give §-phenyl 
compounds. This is a further indication that the processes are not ionic in character, since the substances 


concerned are all catio-enoid systems, e.g., C—C—-C—O, which should in polar addition reactions all give 
similar products. It follows from the free neutral radical hypothesis, however, that the first addition product 
to any unsaturated compound will itself be a neutral radical, and since, in each case formulated below, the 
resonance-stabilisation of the radical is greater in form A than in form B, it will follow that the predominating 
addition reaction should take a different course in the two cases. 


4. B. 
Resonance-stabilised benzyl radical. Slight resonance only with carbethoxy group. 
Addition to Ethyl Cinnamate. 
ES CH,—CH 
Resonance-stabilised CH—C=N group. Unstabilised neutral alkyl racidal. 


Addition to Vinyl Cyanide. 


In many ways the decomposition reactions of the covalent aromatic diazo-compounds are similar to those 
of the diacyl peroxides, which, in many solvents, eliminate carbon dioxide by decomposing in two successive 
stages, and liberate free hydrocarbon radicals, e.g. : 


Ph:CO-0-0:CO-Ph => 2Ph-CO-O- —> Ph: + CO,. 


Hey *5 showed that the non-polar phenylation of aromatic nuclei can be effected with dibenzoyl peroxide, 
whilst Wieland #* from a more extensive study has shown that when diacyl peroxides decompose in solution 
there are produced, by hydrogen abstraction, further active radicals which are characteristic of the solvent 
used. For instance, when di-p-toluoyl peroxide is allowed to decompose in chlorobenzene solution containing 
triphenylmethyl some chlorotetraphenylmethane is formed. Evidently the reaction sequence is : 

(Tol*CO-0), = 2Tol-CO-O- —> Tol: +. 
Tol + C,H,Cl —> C,H,°C HyHt + 
including, at stage (b), a prompt replacement of the tolyl radical by the aneudiings radical -C,H,Cl, which 
then persists, in kind though not necessarily in identity, by solvent collisions, such as (d) * 


+ HC HC HC + . @ 


until combination with triphenylmethyl can occur, (c). Thus though hydrogen abstraction wey free radicals is 
more particularly characteristic of reactions between free active radicals and aliphatic molecules it still can — 
occur, together with arylation (see above, p. 410), in reactions involving aromatic solvents. 

Hydrogen abstraction of this same type is also a common reaction of the more stable radicals of the tri- 


arylmethyl series. For instance tri-p-tolylmethyl undergoes a first-order disproportionation, which obscures 
ebullioscopic measurement of dissociabili 


(C,H,Me),C-C(C,H,Me),; 2(C,H,Me),C- 
and tetraphenyldimethylethane reacts as follows : 2* 
2Ph,C: 
2Ph,C/ —> + Ph,C—CH, 


Hence no clear line of demarkation can be made between reaction mechanisms of these resonance-stabilised 
radicals and those of intensely active radicals such as free phenyl. 

Just as the diazotates will arylate quinones ** so also can both diacyl and diaroyl peroxides, as was shown 
by Fieser and his colleagues in 1942.2 In carrying out this valuable synthetic reaction for the introduction. 
of alkyl groups it is safer, and often more convenient, to use salts of quadrivalent lead, or, more simply, a mixture 
of red lead and an anhydrous organic acid. These lead salts decompose smoothly to give either a diacyl 
peroxide, or, more probably, free carboxylate radicals, and risks of explosions can thereby be avoided, ¢.g.: ° 


Pb(O-CO-CH;), —> Pb(O-CO-CH;), + 2°O-CO-CH, —> CO, + 


With free methyl radicals produced in solution in these ways, or even by electrolysis, it is possible to methylate 


aromatic substances such as nitrobenzene, and thus cemenstate the exact similarity between free methyl 
and free phenyl radicals. 
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There is no difficulty in explaining all the characteristic reactions of lead tetra-acetate by this free radical 
mechanism,* provided that it is remembered that two different free radicals, (i) neutral acetate, CH,-CO-O-, 
and (ii) neutral methyl, -CH;, are produced in consecutive stages, and that of these the latter is very much the 
more reactive, and of short free life, whilst the former (i) can be regenerated by solvent exchange : 


CH,—CO—O: + H—O—CO—CH, =» CH;—CO—O—H + -O—CO—CH, 


Thus the fission of «-glycols by lead tetra-acetate can be interpreted as a reaction of free acetate radicals, for 
it occurs without carbon dioxide evolution : 


R,C—OH + -O-CO-CH, R,C—O- + HO-CO-CH, 
R,C—OH R,C—OH 


R,C—O: R,C—OH , R,C—O- 
whilst processes involving the dehydrogenation of alkyl groups, such as the acetoxylation of toluene, or the 
conversion of acetic acid to succinic acid, more probably involve free methyl. 

CH,‘CO-O- + -CH,*C,H, —> CH,°CO-O-CH, 
-CH, + CH,CO,H —> CH, + -CH,°CO,H 
2-CH,-CO,H —> HO,C-CH,°CH,-CO,H 

It is significant that these latter reactions are not quantitative, require heating, and occur with noticeable 
gas evolution. 

Dehydrogenations such as the above are undoubtedly the chain-initiating processes in most of the “‘ peroxide 
catalysed ’’ addition and substitution reactions which have been disclosed by Kharasch and his colleagues at 
Chicago *1 and which will undoubtedly have wide applications in organic synthesis. In the case of ‘“‘ atomic ” 
chlorination by means of sulphuryl chloride, which is one of the most striking of these catalysed reactions, 
the formation of a free hydrocarbon radical by this initial process of hydrogen abstraction has been proved most 

‘conclusively by Brown, Kharasch, and Chao ** by showing that the chlorination of optically active amy] 
chloride (VI) yielded inactive 1 : 2-dichloro-2-methylbutane (VII). 


Only if an optically active substance (e.g., VIII) loses hydrogen to form the separated free planar radical 
(IX), with the odd electron in a spatially symmetrical, s, orbital, will such a substitution as this lead to a 
complete loss of optical activity. Any bimolecular reaction, in which the active chlorine attacked the central 
carbon atom, would lead to a Walden inversion, by way of a transition complex (X). 


1 1 
Rs 


Rs “Ry 
(VIII.) (IX.) (X.) 


The homolytic, rather than the heterolytic, mechanism for all these peroxide-catalysed processes can con- 
fidently be inferred from the fact that they are all chain reactions which proceed only so long as there is free 
peroxide in the reaction mixture. 

Free radical addition to one end of an olefinic link is, quite definitely, the process involved in the peroxide 
catalysed polymerisation of unsymmetrical olefins, R—CH—CH,, such as styrene, methyl methacrylate and vinyl 
chloride, though it may not be the process involved in catalysis by such reagents as stannic chloride or boron 
trifluoride which probably form ionic complexes. In connection with this process of chain polymerisation 
it is significant to note that C. C. Price and his colleagues,** by using p-bromobenzoy] peroxide, or tribromo- 
benzoyl peroxide, have shown that the aryl group of the catalyst remains as part of the resultant high polymer. 
They have also shown that the aromatic diazo-compounds can be used as polymerisation catalysts, though 
with these substances only the aryl radical seems to enter the structure of the final polymer.** Polymerisations 
in halogenated hydrocarbons, or in solvents such as nitrobenzene, have again shown that radicals produced 
from solvent molecules may play a part in the reaction process, and that oxygen acts as an inhibitor by adding 
on to the ends of the growing radical chains. _ 

Since it was Tilden who first discovered the polymerisation of isoprene to a synthetic rubber, it should 
certainly be pointed out that atomic sodium, by giving up its one valency electron, acts in a similar manner as @ 
catalyst for radical-chain polymerisation, 


Na: + CH,=CMe—CH=CH,—> Na :CH,—CMe=CH—CH,: etc. 
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Many other reactions of free metals may have this same feature, though it is impossible to decide, in most 
cases, whether any solid or liquid metal yields up its electrons singly or in pairs. The formation of the metallic 
ketyls is of course a typical example of one-electron release. 

More recently it has been established by Baxendale, Evans, and Park *5 that the free neutral hydroxy] radical 
plays a similar part in emulsion polymerisation. This not only confirms the Haber—Weiss theory of the iron- 
catalysed decomposition of hydrogen peroxide,** but indicates that true homolytic reactions can occur in aqueous 
media 


Though I have already reviewed briefly a large number of different free radical reactions of synthetic and 
technical value, I have still to refer to what will undoubtedly prove to be the most important group of them all; 
i.e., oxidation processes. 

It has for many years been known that oxidation by atmospheric oxygen ( ‘‘ autoxidation ’’) involved the 
formation of peroxides, which subsequently broke down in a rather complicated manner. The first definite 
proof that free radicals were involved in processes of this type is due to Ziegler, who, in 1933,37 showed that 
triphenylmethy] would initiate the chain oxidation of many aldehydes and olefins, such as anisaldehyde, styrene, 
and indene. He also showed that “ anti-oxidants,’”’ such as pyrogallol, were chain-breakers with easily avail- 
able hydrogen atoms, and not necessarily decomposers of peroxide molecules. 

The reaction sequence which he established is as follows : 


Ph,C-CPh, 2Ph,C:; Ph,C- O, Ph,C-O-O- 
Ph,C-O-0- + PhCH=O —> Ph,C-O-OH + PhC=O chain starting 
PhC=O + 0, —> PhCO-0-0- 
PhCO-0-0: + PhCH=O —> PhCO-0-0H + Phc=0f "tion chain 


The fact that radical-producing agents, such as dibenzoyl peroxide and benzene diazoacetate, are effective 
catalysts for the autoxidation of many hydrocarbons shows that Ziegler’s mechanism can be generalised for the 
autoxidation of any C-H bond. Again, experimental evidence is steadily accumulating to show that the 
initial products of nearly all organic autoxidation reactions at moderate temperatures are hydroperoxides, though 
these often break down very easily in a manner which is not yet fully understood. Though the detailed kinetics 
of autoxidation is never simple, the very fact that it is invariably a chain-reaction process indicates that free 
radicals are always involved. The thermal decomposition of the hydroperoxides produced by the oxygen 
uptake cycle (instanced above for benzaldehyde) may give rise to fresh active radicals, and hence it is now 
clear why so many autoxidations are auto-catalytic. 

By developing reaction mechanisms along these lines it is now becoming possible to co-ordinate theories of 
gaseous combustion with those of liquid phase reactions. 

Besides the evident connection between autoxidation and chain polymerisation, which is a characteristic 
feature of the autoxidation of olefinic substances, recent demonstrations of the a-methylenic activity of un- 
saturated substances, such as cyclohexene ** and the “‘ drying oils ’’, are of noteworthy theoretical significance. 
By hydrogen abstraction from these substances there is produced, in the first instance, a resonance-stabilised 
mesomeric radical, 

A—CH—CH=CH—B 
R: + A—CH,—CH=CH—B R—H mesomeric with 
A—CH=CH—CH—B | 
and it is this stabilisation of the radical which contributes significantly in making the autoxidation of olefins a © 
process which is much more facile than the autoxidation of paraffins. With paraffins the ease of hydrogen 
abstraction seems to be tertiary CH > secondary CH, > primary CH, a sequence which accords with the 
superior ‘‘ anti-knock ”’ characteristics of branched chain paraffins in combustions at higher temperatures. 
The concept of oxidation by the initial abstraction of hydrogen atoms from organic molecules is of very wide 


applicability. Many years ago Wieland ** drew attention to the fact that a very large number of oxidation 


reactions, such as the conversion of alcohol into aldehyde, were essentially hydrogen abstractions rather than 
oxygen additions, and it is more than possible that in the majority of these reactions the primary process is one 
of homolytic bond fission. 

Lead tetra-acetate and dibenzoyl peroxide, which I have already instanced as radical-forming reagents, are 
by no means the only oxidising agents for which is available evidence of action by the dehydrogenation 
mechanism. Apparently such simple inorganic oxidisers as chromium trioxide, potassium permanganate, 
and periodic acid can abstract atomic hydrogen from organic molecules and thereby form free radicals, for they 
are all immediate catalysts of the autoxidation of tetralin.** On similar evidence it can be argued that high 
temperature dehydrogenation reactions, e.g., by disulphides, quinones, sulphur, selenium, or catalytically 
active metals, may also proceed by the hydrogen abstraction mechanism, though one could scarcely talk of a 
“ free ’’ radical as an immediate product of a surface-catalysed reaction. 

So far I have been indicating free radical mechanism of oxidation for which some experimental justification 
can already be instanced, but to conclude this lecture I should like to speculate more widely, and to suggest that 
free radical mechanisms may have even a still wider applicability in fields of biological chemistry, for, as Wieland 
emphasized,*® most biological oxidations occur only in the presence of enzymes which have a dehydrogenase 


or hydrogen-abstracting character. Free radical mechanisms for catalysed biochemical oxidations, such as the 
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lactate-pyruvate or succinate-fumarate systems, concordant with the oxidation processes which I have been 
discussing, can easily be postulated.“ Thus the lactate-pyruvate system can be represented as follows : 
Chain initiation : ‘ 
CH; H—CO,H + ¢° —_ CH; —CO,H + H—¢ 
H H 


a hydrogen abstraction by a chain starting (enzyme) catalyst ¢° which behaves as a free radical, such as methyl 


or phenyl. 
Repeating chain sequence : r 
_ etc. Warburg’s co-enzyme) ——> —C—Mi 
HO O,H 


followed by 


M —CO,.H —> M —CO,H + Os 


NH,°C C etc. 


HO H CO,H 
and finally by hydrolysis of the reduced co-enzyme complex, which has an aldehyde-ammonia type of structure, 
to give free pyruvic acid. 
\t 
4 N — € \N—C etc. + Me-CO-CO,H + Ht 
\c—Me 


Similarly, one can represent the succinate-fumarate system as a dehydrogenation of succinic acid, followed 
by a disproportionation of the initial product. 

In all such schemes the co-enzyme plays an integral part as a generator of an active radical in a reaction 
chain, whilst the active prosthetic group of the enzyme catalyst itself is represented (as ¢° in the above scheme) 
as the provider of the initial free radical. 

As yet these hypotheses can be supported only (a) by pointing out that many enzyme processes have kinetic 
resemblances to chain reactions, and (b) by instancing the occurrence, or possible occurrence, of undoubted 
free radicals in the prosthetic groups of certain dehydrogenase enzymes. In connection with (b) the magneto- 
chemical evidence of the formation of radicals by the partial reductions of riboflavin and the bacterial pigment 
pyocyanine is particularly cogent. 

Again, in connection with other biochemical oxidations, our present evidence *° showing that thiol radicals, 
produced by the reversible dissociation of disulphides, can abstract hydrogen atoms from other molecules is of 
great significance, for disulphide radicals are present in most enzyme proteins. Disulphides may of course be 
converted into free thiol radicals by one-electron transference from metallic ions, such as ferrous or cuprous 
cations, just as the free hydroxyl radical can be produced by the action of ferrous or cobaltous cations upon 
molecular hydrogen peroxide, e.g. : 

R—S—S—R + —> (R—S:)- + + Cut** 
compare H—O—O—H + Fet++ —> (HO)- + -O-H + Fet++ 
In this way the “‘ trace-metals ”’ of many biological systems, and the essential metallic atoms of porphyrins, 
etc., may play a part analogous to that of the oil-soluble salts of cobalt or manganese in promoting the autoxid- 
ation of the drying oils. 

In the sphere of industrial chemistry, the vulcanisation of rubber may be another radical-chain reaction 
in which free thiol radicals are concerned. 

Today, however, we know so little about the chemical reactions in solution either of the free hydroxy] radical 
or of free thiol radicals, that it would be premature for me to suggest more than that these active, short-lived, 

entities should be capable of bringing about, in neutral solution at biological temperatures, many of the oxidation 
processes which can as yet be effected only by enzyme catalysts. It is true, however, to say that the transient 
free neutral radicals constitute the only known types of oxidation catalysts of simple structure which can possibly 
have sufficient intrinsic energy to be able to break down, at- body temperatures, stable organic molecules such as 
fats and other foodstuffs. 
If the ‘‘ New Organic Chemistry ”’ of free radicals does develop on the lines of these last speculations then the 
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organic chemist may in future even challenge the concepts of vitalism, and give more substance to some of the 
formless ideas of Paracelsus. From the way in which the concept of the transient existence of free neutral 
radicals in solution has, in the last ten years, led to the discovery of a surprising number of new chemical 
reactions it is, however, quite clear that we have still very much to learn in the laboratory of the possible be- 
haviour of very simple molecules, and any experimentalist who is interested in tracing out reaction mechanisms 
is still confronted with an embarrassing choice of research problems. 
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OBITUARY NOTICES. 


GEORGE STACEY ALBRIGHT. 
1855—1945. 


THE death was announced at his residence, Bromesberrow Place, Ledbury, on December 28th, 1945, of 
George Stacey Albright, C.B.E., M.A., J.P., a director of Messrs. Albright & Wilson, Limited. Born in Birming- 
ham in 1855, he was educated at Grove House School, Tottenham, and Trinity College, Cambridge, where he 
distinguished himself academically and at the same time was an exceptional athlete and represented the 
University at Rugby football. He also rowed for his college and took a leading part in other forms of sport. 
He was admitted to the Fellowship of the Chemical Society in 1879 and was a member of many other learned 
Societies. 

In January 1879 he joined his father, Mr. Arthur Albright, in the firm of Albright & Wilson and became 
one of the original directors when the Limited Company was formed. He retained his active interest in the 
affairs of the Company until his death, a period of 67 years. He was closely connected with the development 
of the firm’s business, and in the research laboratories which the firm established at a very early date he carried 
out pioneer work on the commercial production of phosphorus, in which he was associated with the late Sir 
Richard Threlfall, F.R.S. During the First World War he served on the Panel of the Inventions Department 
of the Ministry of Munitions and was a member of the Board of Inventions and Research. He was also Chair- 
man of the Nitrogen Products Committee, his services in this connection being recognised by the award of the 
C.B.E. in 1920. He was also Chairman of the Committee formed in 1914 to consider and report on the Severn 
Barrage Scheme. ; 

Mr. Albright was a man of wide culture, a member of the Society of Friends, and had many and varied 
interests. He hada long association with public work in Oldbury, and served as an Alderman on the Worcester- 
shire County Council from 1904 to 1944. He also served as Chairman of the Oldbury Council’s Higher 
Education Committee and was a Governor of the Oldbury County High School, in which he took a great interest, 
his aim being to ensure that the scientific equipment of the School was both up-to-date and adequate... He 
provided the School, at his own expense, with many facilities including a modern swimming bath, and also 
shared with his brother, the late A. W. Albright, in founding the Albright Scholarships for pupils of that School. 
In 1889 he was appointed Justice of the Peace for Worcestershire, and he served as Chairman to the Oldbury 
Bench for 29 years. He was a Life Governor of Birmingham University. Mr. Albright was well-known in 
the Midlands for his interest in outdoor sport and was associated until his death with the Ledbury Hunt. His 
wife, Isabella Margaret, died in 1927 and his only son, the late Captain M. C. Albright, was killed in action in 
Palestine in 1917. 

G. INGLIs. 


ARTHUR JAMES COOPER. 
1866—1944. 


Tue death of the Rev. Dr. A. J. Cooper which took place on December 6th, 1944, in his 79th year, will bring a 
sense of loss to his many friends and former pupils. 

This able chemist, who came to theology from science, spent a long life in the service of education and was 
not only a scholar but a teacher of rare gifts. Educated at the King Edward VI Grammar School, Birmingham, 
he studied chemistry at the Mason College in that city under Professor William Tilden, F.R.S., and graduated 
B.Sc., London, being first in the first-class honour lists in chemistry, 1889. Later at Trinity College, Dublin, 
he graduated B.A. with first class honours and obtained the LL.D. He became successively Headmaster of 
Bromyard School, Principal of the Victoria Institute, Worcester, Principal of the Harris Institute, Preston, and 
Headmaster of Brewood School, Staffs. Whilst at Brewood he was ordained Deacon in 1901 and Priest in 
1902 and then also acted as Curate of Brewood until his appointment to the Headmastership of Solihull School, 
Warwickshire, in 1908. His health during the latter part of his time at Solihull was poor and resulted in his 
premature retirement from the teaching profession in 1920. In 1921 he was appointed Rector of Maxstoke, 
Warwickshire, and resigned in 1925. He now joined the Department of Chemistry at the University of Birming- 
ham as a research student and continued to be associated with research there until 1935, when he retired to 
Malvern. Cooper revelled in this period of research, for with him chemistry was an enthusiasm especially 
when it afforded him scope for the exercise of his exceptional proficiency in the laboratory arts. 

In a long life he did many things well. A man of dignified appearance, yet with a fine sense of humour, 
Cooper was a most genial companion and, to those who knew him intimately, wonderfully kind and generous. 
With justification he might well have borrowed the words of F. H. Bradley, “‘ The breadth of my life is not 
measured by the multitude of my pursuits nor the space I take up amongst other men; but by the fulness of the 
whole life which I know as mine.” The death of his wife after a long and very happily married life was a great 
blow to him and he survived her by only a short time. He leaves a son and a daughter. 

W. Warp.aw. 
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Obituary Notices. 


DONALD PURDIE. 
1909—1943. 


DONALD PuRDIE was born in 1909, the son of Mr. R. S. Purdie? the Headmaster of Hamond’s School, Swaffham, 
Norfolk. After receiving his early education in his father’s school, he went to Rugby, and in 1929 was elected 
to an Open Foundation Scholarship at King’s College, Cambridge. Here he read for the Natural Sciences 
Tripos, and in 1932 obtained a First Class in Chemistry in Part II of the Tripos. 

He was now free to devote himself to research, and‘initially worked under the direction of Dr. H. McCombie 
on the preparation of 88’-dichlorodiethylamine and @8’8’’-trichlorotriethylamine from their respective ethanol- 
amines. The reactions of these unstable chloroamines were investigated in detail, and their very great chemical 
interest made manifest. 

In 1933 he joined the present writer as a research assistant, and began the long series of investigations upon 
organo-metallic derivatives which occupied him for over six years, i.e., until the war brought such work to an 
end. The object of his first investigation was to obtain decisive evidence for the type of link by which molecules 
of amines, sulphides, phosphines, arsines, etc., are joined to metallic atoms in their so-called co-ordination 
compounds. The earlier optical resolution of tetrachloro-(88’-diaminodiethyl sulphide monohydrochloride)- 
platinum by Mann ( J. 1932, 958) had shown that the sulphur atom fh this compound must be stereochemically 
closely akin to that in an optically active sulphoxide, but it did not show the precise nature of the covalent 
bond which linked the sulphur to the platinum. Purdie sought therefore to prepare a series of similar com- 
pounds which would be fusible without decomposition, and the surface tension of which could thus be accurately 
measured : it was hoped that the parachor of the compounds thus determined would indicate clearly the nature 
of the constituent links. Purdie prepared three homologous series of compounds, of general formula 
[(RpS),PdCl,}, [(RsP),PdCl,], and [(R,As),;PdCl,] (where R represents a normal alkyl group), and found that 
all the members, with the exception of the methyl members, could be fused without decomposition : indeed, the 
phosphine compounds could readily be distilled under reduced pressure. When, however, the parachor of the 
palladium atom (together with that of the two “‘ co-ordinate ”’ links) was calculated from the difference between 
the molecular parachor and the total parachor of the other constituent atoms, it was found that this value was 
in each series unexpectedly low for the first (i.e., the ethyl) member and rapidly fell as the homologous series 
was ascended, having a negative value for the n-butyl and m-amyl series. This phenomenon was not peculiar 
to these palladium compounds, for a similar result was obtained when the parachors of the mercury derivatives 
of the aliphatic thiols, Hg(SR),, were determined for each compound from the ethyl to the -octyl member. 
The significance of these results was discussed at length (Mann and Purdie, J., 1935, 1549) and it was shown 
that Sugden’s earlier evidence for the “‘ singlet ” link in metallic derivatives of diketones, based on the mean 
parachor of only two members of a homologous series, could no longer be accepted. This ‘‘ negative anomaly ”’ 
of the parachor, shown by the palladium and mercury compounds, may prove of wide occurrence in organo- 
metallic derivatives: a similar phenomenon was later detected in certain metallic carbonyls and nitroso- 
derivatives by Anderson (J., 1936, 1283). It is remarkable that the parachor, which is additive to a high degree 
of accuracy in purely covalent organic compounds, should show this striking anomaly in the organo-metallic 
derivatives, and no really satisfactory explanation of this phenomenon has yet been advanced. 

In the course of this work, a novel series of ‘‘ bridged” dipalladium compounds, of structure 
[((RsP)CIPdCl,PdCl(PR,)], was discovered: the structure of these compounds, and many of their very . 
interesting reactions, were later studied in detail (Mann and Purdie, J., 1936, 873) : this work incidentally. gave 
evidence for the first time that the oxalate group can act as a symmetric 4-covalent group. 

Whilst engaged in this work, Purdie had been elected to a Bye-Fellowship at Magdalene College. On the 
basis of this research, however, he was elected a Fellow of King’s College in 1936, having proceeded to the 
degree of Ph.D. in the previous year. 

The use of tertiary phosphines and arsines in the investigation of the structure of complex metallic deriv- 
atives proved very fruitful. The addition products of phosphines and arsines with cuprous, argentous, and 
aurous halides were next investigated. The cuprous and argentous derivatives were shown to be four-fold, 
[R,P,CulI], and [R,P,AgI],, whilst the aurous compounds had the simple structure [R,P,AuI]. With the 
crystallographic collaboration of Dr. A. F. Wells, the structures of both types of compound (four-fold and 
simple) were determined. The structure of the cuprous and argentous iodides was entirely novel in type, 
consisting of a tetrahedron having a metallic atom at each apex and an iodine atom situated above the centre 
of each face of the tetrahedron and covalently linked to each of the three neighbouring metallic atoms : finally 
the tetrahedral arsenic atoms lay on the projection of the axes of the tetrahedron, beyond the metallic atoms to 
which they were linked. This structure thus showed the configuration of the 4-covalent cuprous and argentous 
atoms, the 4-covalent arsenic atom, and the 3-covalent bromine atom (Mann, Purdie, and Wells, J., 1936, 
1053; 1937, 1828). 

In the summer of 1936, Purdie was elected to a Commonwealth Fellowship and proceeded to Stanford 
University, where he spent two very happy years, and considerably enlarged his experience of both academic 
and chemical matters, 

On his return to Cambridge in the autumn of 1938, Purdie resumed his collaboration with the present writer 
on the investigation of other complex metallic compounds. A number of compounds were prepared in which 
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tertiary phosphines and arsines were linked to cadmium and mercuric halides, and the structure of several, both 
simple and bridged, was determined by X-ray analysis in collaboration with Dr. R. C. Evans and Mr. H. S. 
Peiser (J., 1940, 1209, 1230, 1235). In the mercury series, each of the four homologous compounds, of general 
formula [R,P(HglI,),PR;], where » = 1 to 4, was isolated and studied. A curious type of free radical became 
evident in this work. It was found that when alcoholic solutions of the two bridged compounds 


[(Pr,P)ICdI,CdI(PPr,)] and [(Pr,P)IHgI,HgI(PPr;)} 
in equimolecular quantities were mixed, the highly crystalline cadmium-—mercury derivative, 


separated. This reaction indicates that, although the first two compounds show normal molecular weights in 
organic solvents, they must exist in equilibrium with a small quantity of the free radicals Pr,P+CdI and 
Pr,P->Hgl obtained by dissociation of the bridged parent compounds, and that it is these free radicals which 
combine to give the cadmium-—mercury compound, which significantly is less soluble, and has a higher m. p., 
than the two bridged parent compounds. The aurous derivative of the phosphines, previously described, were 
also oxidised to the auric derivatives by the addition of both simple and mixed halogens, and a unique series 
of ten covalent triethylphosphineauric compounds thus prepared and investigated. 

Purdie returned to America in 1939 to marry Miss Carol Mary Kearn-Brown, an American lady whom he 
had met during his earlier stay in the States. They came to England after only a brief honeymoon, and their 
married life was thus almost from the start under a heavy threat of war. When the war actually came, Purdie 
completed the investigation on hand, and then began an investigation on the preparation of 2-aryl-1l-alky]l- 
indoles at the suggestion of the Advisory Research Committee of the Chemical Society. This investigation 
had shown considerable promise when in 1941 Purdie was elected to the Chair of Chemistry at Raffles College, 
Singapore. 

Purdie, with his wife and young son, arrived safely at Singapore, where he found conditions, both personal 
and scientific, exceedingly pleasant. His letters sent to the present writer described his small but active school 
with great appreciation, and he obviously looked forward with keen anticipation to its development when times 
again became normal. Meanwhile he was reconciled to a period when progress must necessarily be slow owing 
to meagre supplies of apparatus and chemicals, and to the increasing preoccupation of the whole community 
with external affairs. The conditions at Singapore, which during his early months there appeared on the 
surface to be relatively tranquil, rapidly became more threatening, and Purdie joined the Singapore Supple- 
mentary Volunteer Force as a private. The sudden plunge into war, and the rapid advance of the Japanese 
army, must have caused Purdie a period of heart-breaking anxiety, as his second child was born just about this 
time. At the surrender of Singapore Purdie was taken prisoner, but his wife and family were successfully 
evacuated, and, in spite of the close attention which the Japanese bombers gave to ships laden with evacuated 
civilians, eventually reached Australia in safety and ultimately returned to Mrs. Purdie’s earlier home in 
America. 

Apparently during Purdie’s first period of captivity the conditions were not too severe, for he was able 
with the help of other prisoners to organise some teaching in the prison camp at Changi in Singapore. Later, 
however, he was transferred to Thailand, where after a period of very great privation he collapsed and died 
of amcebic dysentery on May 27th, 1943. 

Dr. R. J. W. Le Févre, who was on service in the Far East, writes (November, 1945) : “‘ I am probably the 
last chemist now in England ever to see him. I well remember the Purdies in 1941—1942. On my arrival in 
Singapore they were the first family to entertain me, and both duty and pleasure brought me into contact with 
them many times later on. I have the pleasantest recollections of them in their very fine house situated near 
the Botanical Gardens, where they were my close neighbours for a few months. Purdie, as Professor of 
Chemistry in Raffles College, the nucleus of a future University of Singapore, had organised a Department of 
great promise in spacious and finely laid out buildings (the result of a world-wide architectural competition), 
and he was keenly looking forward to post-war years for the fruits of his efforts. He had, almost literally, on 
his doorstep a host of problems in natural organic chemistry. His untimely death is a loss to our subject in 
the Far East.” 

This loss is indeed great, for in Purdie a very fine intellect was combined, not only with marked manipulative 
skill, but also with a gay and wholly charming personality. One’s deepest sympathy goes out to his young 
widow, who, courageously leaving the safety of her native land to come as a bride to England when the European 
war was almost certain, has had a married life so short and at times so critically anxious. 


F. G. MANN. 
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ONE HUNDRED AND FIFTH ANNUAL GENERAL MEETING. 


The One Hundred and Fifth Annual General Meeting of the Chemical Society was held in the 
Chemistry Lecture Theatre of the University of Birmingham, Edgbaston, Birmingham, the President, 
Professor W. N. Haworth, D.Sc., F.R.S., in the Chair. 

The notice convening the meeting was read. 

In presenting the Report of Council for 1945, copies of which were available, Dr. G. M. Bennett 
emphasized the great services rendered to the Society by the late Editor, Dr. Clarence Smith. The 
Council had been very fortunate in securing Dr. D. C. Martin and Dr. J. E. Driver as their two most 
important permanent officials, namely as General Secretary and as Editor respectively, and both of 
them had begun their work very successfully. 

In spite of slightly increased supplies of paper for the Journal papers were now being received faster 
than they could be published. 

He referred to the renewed activity of the Publication Committee and to important improvements 
in the Library initiated by the President, and finally he paid tribute to the loyal work of the permanent 
staff of the Society. 

In dealing with the Accounts for 1945 the Treasurer stated that they showed that it had been another 
very satisfactory year and compared favourably with 1944. He pointed out, however, that with the 
increase in the paper ration it was hoped to obtain, and with the great increase in the number of pers 
submitted, the cost of publication in 1947 would be double that incurred in 1945. This together with the 
increase in the cost of administration would result in a deficit of about £5000. At this rate the reserve 
fund accumulated during the war years would be exhausted in about three years. In these circumstances 
and in view of the general rise in printing costs, salaries, etc., it seemed desirable to consider whether the 
Annual Subscription should remain unchanged. He suggested that an increase of 10/- in the annual 
subscription would bring in about £3000 per annum which would help to meet the deficit foreshadowed. 

In proposing the adoption of the Report of Council and the Statement of Accounts and Balance 
Sheets for 1945, Dr. F. H. Carr stated that although the Society had emerged from the war period in a 
very healthy financial condition this was no time for complacency and much work lay before the Society 
if it were to maintain its lead in furthering the promotion of chemistry. He hoped that the new know- 
ledge gained during the war under conditions of secrecy would soon be published. To do these things 
the Fellowship must be greatly increased and more funds would be required. The proposal was seconded 
by Dr. Brynmor Jones, who expressed pleasure at the way in which the Society had renewed its contacts 
with sister societies overseas, and elected distinguished overseas chemists to Honorary Fellowship. He 
also congratulated the Society on the increase of meetings outside London during 1945 and expressed 
appreciation of the readiness of the Officers to hold official meetings in the provinces. The Report was 
adopted. 

It was declared that Professor C. N. Hinshelwood had been elected President of the Society. It was: 
also declared that Professor D. H. Hey and Dr. J. L. Simonsen had been elected Honorary Secretaries, 
that Dr. D. W. Hill, Dr. A. McGookin and Professor M. Polanyi had been elected as Elected Ordinary 
Members of Council for Constituency III and that Professor H. W. Melville had been elected as Elected 
Ordinary Member of Council for Constituency V. 

The report of the Scrutators on the ballot for Vice-Presidents who have not filled the office of 
President and for Elected Ordinary Members of Council for Constituency I was presented and it was 
declared that the following had been elected :— 


Vice-Presidents who have not filled the office of President : 
Dr. R. P. Linstead, 
Professor S. Sugden. 

Elected Ordinary Members of Council, Constituency I : 


Dr. J. F. J. Dippy, rd. 
Dr. S. H. Harper, 

Dr. F. G. Mann, 

Dr. C. W. Shoppee. 


A vote of thanks to the Vice-Presidents, Treasurer, Honorary Secretaries, Council and Committees 
for their services during the past year proposed by Professor T. S. Wheeler and seconded by Dr. L. 
Bircumshaw, both of whom paid special tribute to Dr. G. M. Bennett, who retires after more than 
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six years’ service in the office of Honorary Secretary, was carried. Dr. Bennett made suitable 
acknowledgment. 


On the motion of Dr. M. Stacey, seconded by Dr. J. D. M. Ross, Messrs. W. B. Keen and Company 
were elected Auditors to audit the accounts for 1946. 

The meeting was then adjourned. 

A reception and luncheon, at which Fellows were the guests of The University of Rieteten, was 
held in the Great Hall of the University at 12.45 p.m. The pro-Chancellor of the University (Mr. E. P. 
Beale) presided at the luncheon which was attended by 160 persons. The toast of ‘‘ The Chemical 
Society ’’ was proposed by the Lord Mayor of Birmingham (Alderman A. S. Giles). In his reply the 
President stressed the importance of the dissemination of new knowledge in chemistry by the Society 
by publication, discussions, etc., as it is on this new knowledge that industrial development and expansion 
depends. In this connection he made particular reference to the proposed new quarterly publication of 
reviews by the Society. He also referred to the forthcoming Centenary Celebrations of the Society. 
Professor C. N. Hinshelwood in proposing the toast ‘‘ The University of Birmingham ’’ warmly thanked 
the University for the kind hospitality shown to the Society and the.pro-Chancellor replied. 

The meeting was resumed at 3 p.m. 

The President made a presentation to Mr. S. E. Carr. This consisted of a cheque together with a 
book of autographs of those Fellows and friends who had contributed to the presentation. The President 
paid a warm tribute to Mr. Carr, who had served the Society as a permanent official for nearly 43 years. 
He expressed deep appreciation for the unfailing courtesy and charm of manner with which Mr. Carr 
had discharged his duties and complimented him on the efficiency he had displayed during his long 
service. In his reply Mr. Carr told of the way his appointment had been made and referred to the kind 
presentation which had been made to him some nineteen years ago by Fellows after twenty-five years’ 
service. He had been proud to serve the Society and during his term of office had been associated with 
23 Presidents. In concluding his reply, he spoke highly of the staff who had worked so loyally with 
him and expressed most sincere gratitude to the President, Fellows and friends for their kind presentation 
to him. 

' The President then delivered his Presidential Address, entitled ‘‘ Carbohydrate Components in 
Biologically Active Materials.’’ At its conclusion, a vote of thanks to him for his services in the Chair 


and for his Address with the request that he would allow his Address to be printed in the Journal was 
proposed by Professor N. V. Sidgwick and carried with acclamation. 
The President then invited and welcomed the President-Elect, Professor C. N. Hinshelwood, to the 
Chair. 

Before terminating the meeting the newly elected President thanked the Society and said that the 
world had just passed through a period of darkness, but we could now look forward to brighter times 
in which he hoped the Society would play its full part. 


REPORT OF COUNCIL FOR 1945. 


During the year the Society has welcomed the renewal‘of contacts and exchanged greetings with 
scientific societies abroad. It has been represented at various functions overseas including the 220th 
Anniversary of the Academy of Sciences of the U.S.S. R. held in Moscow and Leningrad in June and at 
a scientific conference in Prague in November. 

In December the Council conveyed their warmest congratulations to Sir Robert Robinson, Past 
President, on his election, on November 30th, to the Presidency of the Royal Society. 

The Council also congratulated Sir Ian Heilbron, Vice-President, on the occasion of the award to 
him of the Priestley Medal of the American Chemical Society. 


In December the Council agreed to the entry of the Faraday Society into the Chemical Council and 
to its participation in the Joint Subscription Scheme. 


Pa Council have taken preliminary steps in making arrangements to celebrate the Centenary of the 


I. FELLOWSHIP. 


1. Honorary Fellowship. The following were unanimously elected Honorary Fellows of the aia 

3 = Sir Henry Dale, Professor V. M. Goldschmidt, Professor Frederick Joliot, and Professor Harold 
rey. 

2. Fellowship Statistics. The number of Fellows on the 3lst December, 1944, was 5885. During 

1945, 581 Fellows were elected and 32 reinstated, the corresponding figures in 1944 being 730 and 47, 

respectively. The Society has lost 12 Fellows on active service, and 1 reported missing, 57 by death, 
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47 by resignation and 45 by removals for non-payment of annual subscriptions—a total loss of 152 
compared with 124 in 1944. The number of Fellows on the 3lst December, 1945, was 6346. Of these 
2759 are joint members of the three Chartered Bodies and 898 are members of the two publishing 
Societies. Of those who became joint members of the three bodies in 1945, 315 are new Fellows of the 
Chemical Society and of those who became joint two-body members 125 are new Fellows. The number 
of joint members of the three bodies has increased during the year by 377, of the joint members of two 
bodies by 162, and the number of single-body Fellows has decreased by 87. 

3. Joint Student Facilities. During 1945, 51 have been granted joint student facilities by the two 
publishing societies under the Chemical Council scheme. 

4. Deaths. The Council mourn the death of Sir Martin Forster, who served on the Council of the 
Society from 1901—1904, was an Honorary Secretary from 1904—1910, a Vice-President from 1910—1913, 
and Treasurer from 1915—1922. Among other prominent Fellows whose deaths the Council have also 
to record are Dr. E. F. Armstrong, Dr. F. W. Aston, Dr. G. D. Bengough, Sir Ernest A. Cook, senior 
Fellow at the time of his death in January, Dr. H. Dreyfus, Professor T. J. Nolan, Local Representative 
in Eire, and Dr. Clarence Smith, Editor, to whose death reference is made below. 


II. PUBLICATIONS. 


1. The Journal. During the year 347 papers were received, of which 8 were declined and 1 
withdrawn. 
The Journal for 1945, occupying 930 pages, contained 244 papers (36 indexed as General, Physical, 
and Inorganic, and 208 as Organic) (845 pages), 18 notes (13 pages), and 4 lectures (33 pages); in 
addition, Obituary Notices occupied 13 pages, and the Report of the Annual General Meeting 26 pages 
The corresponding figures for 1944 were 679 pages, 184 papers, 15 notes, and 5 lectures. 
The printers have been unable to avoid delay in publication owing to labour shortage, but by the 
end of the year this was only 2—3 weeks as compared with about a month in the middle of the year. 
2. Annual Reports. Volume XLI for 1944 was not published till the end of 1945 for a similar reason, 
and shortage of paper delayed complete printing still further. Volume XLI contained 314 pages, 
whereas Volume XL contained 254 pages. 


Ill. MEETINGS. 


1. Scientific Meetings. During 1945 seven meetings were held in London and thirty-eight outside 
London. A list of these, including the special lectures delivered (Liversidge, Hugo Miiller, and Tilden), 
is given in Appendix B. 

The Society also participated in the organising of a series of meetings in November to celebrate the 
jubilee of the Discovery of X-rays by Wilhelm Conrad Réntgen. 

2. Annual General Meeting. The Hundred and Fourth Annual General Meeting was held in London 
on the 19th April and a report appeared in the Journal for May 1945. 


IV. LIBRARY. 
The Annual Report of the Joint Library Committee for 1945 appears as Appendix A. 


V. ADMINISTRATION. 


1. Honorary Secretaryship. In June the Council received the resignation of Professor H. V. A. Briscoe 
from the Office of Honorary Secretary. Dr. J. L. Simonsen was appointed to this office until the next 
Annual General Meeting. 

2. Chairman of the Publication Committee. In February the Council accepted with regret the 
resignation of Professor T. S. Moore from the Chairmanship of the Publication Committee. They 
recorded their high appreciation of the services he had rendered the Society during his period of office. 
In May, Professor C. N. Hinshelwood was appointed to succeed Professor Moore. 

3. Elected Ordinary Membership of Council. Under the operation of Bye-Law 56, which requires an 
elected ordinary member of Council to vacate office if he ceases to reside in the Constituency for which 
he was elected, Professor W. F. K. Wynne-Jones retired from Council in November and Professor D. H. 
Hey in December 1945. Dr. S. H. Harper and Professor M. Polanyi respectively were co-opted by 
Council, under Bye-Law 42, to fill these vacancies until the next Annual General Meeting. 

4. General Secretaryship. As foreshadowed in the Report of Council for 1944, Mr. S. E. Carr retired 
from the Office of General Secretary in August. The Council have recorded their deep feeling of gratitude 


le 
as | 
P. 
-al 
he 
ty 
on 
of 
ty. 
ed 
ant 
rs. 
alt 
mg 
ind 
irs’ 
ith 
ith 
ion 
in | 
lair 
was 

the 
the 
mes 
vith 
d at 
Past 

d to 
and 
the 
iety 
ring 
i 47, be 
sath, 


422 One Hundred and Fifth Annual General Meeting. 


for the services he has rendered to the Society over a period of 42 years. Arrangements have been made 
by Council to make an appropriate presentation to Mr. Carr from Fellows and friends at the 105th 
Annual General Meeting. 

Dr. D. C. Martin was appointed in May to succeed Mr. S. E. Carr and assumed his duties in August. 

5. Editorship. The Council learned with profound regret of the sudden death of Dr. Clarence Smith 
in June. 

Professor C. S. Gibson kindly agreed to act as temporary Editor until a successor to Dr. Smith was 
appointed, and he acted in this capacity until the end of December. The Council have expressed their 
deep gratitude to Professor Gibson and to Dr. A. D. Mitchell (Assistant Editor) for the services they 
rendered to the Society during this period. 

In October Dr. J. E. Driver was appointed as Editor to take up his duties on January Ist, 1946. 

6. Local Representatives. In July Professor T. S. Wheeler was appointed to fill the office of Local 
Representative in Eire following the death of Professor T. J. Nolan. 

In November the Council appointed Dr. S. H. Harper to be the Society’s first Local Representative 
in the Southampton area. 

Dr. S. J. Gregg and Dr. C. E. H. Bawn were appointed to fill the offices of Local Representatives in 
Exeter and Bristol respectively following the resignation of Professor H. T. S. Britton and Dr. E. B. 
Maxted respectively. 

7. Accommodation. (a) Following the reception of a deputation to H.M. Government, reported in 
the Report of Council, 1944, the Society has submitted details of its accommodation requirements to 
the Royal Society. The Royal Society has co-ordinated the requirements of other Learned Societies 
and submitted proposals to H.M. Government. 

(b) In September the Conjoint Chemical Office was moved from 6 Burlington Gardens to 9—10 Savile 
Row. The Conjoint Chemical Office and the Bureau of Abstracts are now accommodated at 9—10 Savile 
Row at a nominal rent. 


VI. FINANCE. 


1. Investments. The following investments have been made during the year : 


£175 standing to the credit of Life Composition Fees on General Account, 3% Savings Bonds, 
+1965—1975. 
£3500 on Special Reserve Fund in 24% National War Bonds, 1946—1948. 
£1000 in Staff Pensions Fund in 3% Savings Bonds, 1955—1975. 
£400 on Staff Pensions Fund was deposited in the Post Office Savings Bank. 


2. Insurance. Fire insurances on the Library, on stocks of publications, and on office equipment 
have been increased by appropriate amounts. 

3. Contributions. The Council received towards the cost of publications £1500 from the Chemical 
Council and, through the Royal Society, £400 from the Rockefeller Foundation and £200 from the 
Government Grant. The Association of British Chemical Manufacturers have notified the Council that 
they have entered into a Deed of Covenant to contribute £100 to the support of the Society, particularly 
its Library, for seven years. The Council record their thanks for these substantial contributions and 
to those Fellows who generously continue to support the Publications Fund. 

4. Bequests. The Council have received notification that, under the Will of the late Sir Martin 
Forster, the Society was bequeathed the sum of £500. 


VII. BUREAU OF ABSTRACTS. 
The Report of the Bureau of Abstracts-for 1945 will be published later. 
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APPENDIX A. 


ANNUAL REPORT OF THE JOINT LIBRARY COMMITTEE, 1945. 


The use of the Library has shown a marked increase during the year. The attendances and books 
borrowed were not only more than during the preceding year, but the figures are also much higher than 
those for 1938, although the hours of opening were restricted for the greater part of the year. The 
attendances by readers show an increase of 1388 over the figures for 1944, and books borrowed increased 
by 519. Photostat copying continues to expand, 4030 printed pages having been copied, against 3687 
the previous year, and the number of telephone enquiries dealt with, numbering 1590, was only slightly 
less than in 1944. 

Additions to the Library consisted of 267 books, of which 141 were presented, 476 volumes of 
periodicals, and 97 pamphlets. The Library now contains 47,016 volumes, of which 14,076 are books 
and 32,940 volumes of periodicals. 


Analysis. 
Attendances. Books borrowed. Books added. Volumes of periodicals. Pamphlets. 
1945 ..ccccccccceeee 9175 8104 (2900 by post) 267 476 97 
1944 ..cceccceeceeee 7787 7584 (3094 by post 219 455 146 
19BB  ...cccccccccees 8507 5948 (1697 by post 250 744 283 


(The figures for 1938, the last complete pre-war year, are given for comparison.) 


The Committee warmly appreciates the gift of many books from publishers and readers, and special 
thanks are due to the Society of Public Analysts, Microchemistry Group, for the generous gift of a set 
of “‘ Mikrochemie ”’ and “‘ Mikrochimica Acta ’’ for loan purposes, and to the British Council for gifts 
of Russian literature. 

During the war years the Library closed at 5 p.m. daily, except on Saturdays, when it closed at 
lp.m. With the end of the European war these hours were extended to 6 p.m. and 5 p.m. respectively, 
and on October Ist the full pre-war hours of opening were resumed, viz. Monday to Friday, 10 a.m. to 
9 p.m., Saturday 10 a.m. to5 p.m. Readers have greatly appreciated this extension of hours, the more 
so as restricted hours of opening still prevail in other scientific libraries. 

The pressing need for more accommodation, intensified by the need for receiving back the volumes 
which had been sent away as an air raid precaution, caused the re-consideration of schemes which it had 
been hoped to avoid, by re-housing the Library in a new building. Steel shelving has been erected to 
cover the walls of two rooms on the ground floor and one on the first floor. These will accommodate: 
all the volumes of duplicate periodicals which had been sent away, and at the end of the year 
arrangements were made for their return. They will also hold books which will be displaced by the 
Roscoe and Faraday Collections when these are returned, and will further provide for volumes from 
seriously overcrowded shelves in other rooms and will probably accommodate an equivalent number 
of books to those published on the Continent during the war. Plans for expansion for a limited number 
of years have been made by a scheme for the erection of further shelving in the Meeting Room. 

A number of German publications have been received from various sources, including items which 
have been reproduced in the United States, and an investigation in Germany by Dr. McCombie and 
the Librarian has paved the way for another visit, when it is hoped to acquire a good deal of literature, 
War-time literature from other European countries is gradually arriving. 

Removal of cases from the floor of the Reading Room has enabled some rearrangement of furniture 
to be made, increasing seating accommodation. 

Fresh problems arise with such a move, for fewer volumes become directly accessible to readers, 
and the inconvenience this causes to them has already been experienced. The expedients which have 
been adopted can only be looked upon as makeshift measures. The serious disadvantage of having a 
library spread over eight rooms on four floors is obvious. The intrusion by the Library staff on other 
departments to fetch books is most unsatisfactory, and it becomes increasingly difficult to maintain 
that prompt service which has always been a feature of the Library. The Committee again emphasizes 
that only a modern well-equipped building worthy of housing such a collection can effectively meet the 
problems with which the Library is faced, and enable it to function to the greatest advantage. 
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APPENDIX B. 
MEETINGS HELD DURING 1945. 


In London. 


18th January, Tilden Lecture, ‘‘ Diffraction Methods in Modern Structural Chemistry,’’ by Professor 
J. M. Robertson; 15th February, Meeting for reading papers; 15th March, Liversidge Lecture, 
‘* Reactions in Monolayers,’ by Professor E. K. Rideal; 17th May, Hugo Miiller Lecture, ‘‘ The Past 
and Future of Crystal Chemistry,”’ by Professor J. D. Bernal; 4th October, Lecture, ‘‘ Recent Work on 
Corrosion and Oxidation Reactions,” by Dr. U. R. Evans; lst November, Meeting for reading papers; 
6th December, Meeting for reading papers. 


Outside London. 

Bristol. 8th February, at the University, Tilden Lecture, ‘‘ Diffraction Methods in Modern 
Structural Chemistry,’’ by Professor J. M. Robertson. 

Edinburgh. 26th January, at the North British Station Hotel (joint meeting with the Local Section 
of the R.I.C. and the S.C.I.), Lecture, ‘‘ The Use of Radioactive Tracer Atoms in Chemical and Biological 
Research,” by Dr. F. Fairbrother; 23rd February, at the North British Station Hotel, Tilden Lecture, 
“‘ Non-Benzenoid Aromatic Hydrocarbons,”’ by Professor W. Baker; 27th November, at the University 
(joint meeting with the University Chemical Society and the local sections of the R.I.C. and the S.C.L.), 
Lecture, ‘‘ The Structure and Chemistry of Metallic Crystals,’’ by Professor G. D. Preston. 

Eire. 24th January, at Trinity College, Dublin (joint meeting with the R.I.C.), Lecture, ‘‘ Recent 
Investigations on the Chemistry of Seaweed,’’ by Dr. Vincent Barry. 

Exeter. 30th November, at the Washington Singer Laboratories, Lecture, ‘‘ The Physical Chemistry 
of Powders and Fine Structured Solids,’’ by Dr. D. H. Bangham. 

Glasgow. 16th February, at the Royal Technical College, Lecture, ‘‘ Some Aspects of the Metabolism 
of the Steroid Hormones,”’ by Professor G. F. Marrian, preceded by the Annual General Meeting of local 
Fellows; 26th October, at the University (joint meeting with the Glasgow University Alchemists’ Club 
and the Andersonian Chemical Society), Lecture, ‘‘ Long Chain Molecules,” by Sir Robert H. Pickard; 
16th November, at the Royal Technical College, Lecture, ‘‘ Polynucleotides and Nucleoproteins,”’ by 
Professor J. M. Gulland. 

Leeds. 6th March (joint meeting with Leeds University Chemical Society), Discussion on “‘ The 
Repercussions of Modern Theoretical Developments on the Methods of Teaching Chemistry in Schools,” 
opened by Professor F. G. Tryhorn, preceded by a film ‘‘ Sulphonamide Therapy ’’; 26th November, 
at the University, Tilden Lecture, ‘‘ Substitution,’’ by Professor E. D. Hughes. 

Liverpool. 18th January, Lecture, ‘‘ Malaria,” by Dr. J. D. Fulton; 15th November, Lecture, ‘‘ The 
Structure of the Boron Hydrides and Related Compounds,” by Mr. R. P. Bell; both lectures were given 
in the Muspratt Lecture Theatre of the University. 

Manchester. 26th January, at the University (joint meeting with the local section of the R.I.C.), 
Lecture, ‘‘ Some Observations on the Nature of Bacterial and Tissue Antigens,’ by Dr. W. T. J. Morgan; 
15th February, at the University, Meeting for reading papers; 2nd March (joint meeting with the 
local sections of the R-I.C. and the S.C.I.), Lecture, ‘‘ The Chemical Structure of Starch,” by Professor 
E. L. Hirst; 22nd March, at the University (joint meeting with the local section of the R.I.C. and the 
S.C.I.), Liversidge Lecture, ‘‘ Reactions in Monolayers,”’ by Professor E. K. Rideal; 29th October, at 
the Engineers’ Club (joint meeting with the local sections of the R.I.C. and the S.C.I.), Lecture, ‘‘ The 
Publications of the Three Chartered Bodies,’ by Mr. F. P. Dunn; 16th November, at the University, 
Meeting for reading papers; 7th December, at the University (joint meeting with the local section of the 
R.I.-C.), Lecture, ‘‘ The Principles of Crystal Analysis,’ by Professor J. M. Robertson. 

Newcastle and Durham. 8th June, at King’s College, Newcastle, Meeting for reading papers. Bedson 
Club Lectures at King’s College, Newcastle; 26th October, on “‘ Surface Films,”’ by Professor N. K. Adam; 
23rd November, on ‘‘ The Metabolism of Steroids and Steroid Hormones,” by Professor G. F. Marrian. 

North Wales. 8th February, Lecture, ‘‘ The Strength of Carbon Bonds,” by Professor M. Polanyi; 
22nd November, Lecture, ‘‘ Colchicine: its Chemistry and Some Biological Effects,’’ by Professor J. W. 
Cook. These were joint meetings with the University College of North Wales Chemical Society, and 
were held at University College, Bangor. 

Nottingham. 22nd February, Lecture, ‘‘ Pyrethrum and the Pyrethrins,” by Dr. A. E. Gillam; 
2nd November, Lecture, “‘ Some Problems in the Chemistry of the Polysaccharides,’ by Professor E. L. 
Hirst; 29th November, Lecture, “‘ Structural Inorganic Chemistry,” by Professor W. Wardlaw (joint 
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meeting with the University College Physical and Chemical Society). These meetings were held at 
University College. 

St. Andrews and Dundee. 26th April, at University College, Lecture, ‘‘ The Structure and Chemistry 
of Metallic Crystals,’’ by Professor G. D. Preston. 

Sheffield. 9th February, Lecture, ‘‘ Non-Benzenoid Aromatic Systems,” by Professor W. Baker (joint 
meeting with the University Chemical Society); 11th May (joint meeting with the University Chemical 
Society and the South Yorkshire Section of the R.I.C.), Lecture, ‘‘ Recent Developments in Petroleum 
Technology,’ by Dr. A. E. Dunstan; 25th May, Lecture, ‘‘ The Place of the Resonance Concept in 
Chemistry,’’ by Mr. R. P. Bell; 26th October (joint meeting with the South Yorkshire Section of the 
R.I.C.), Lecture, “‘ Burner Flames,’’ (a) ‘‘ Quiescent Flames,” by Professor D. T. A. Townend, (b) 
“Turbulent Flames,’ by Dr. J. E. Garside; 16th November (joint meeting with the University 
Chemical Society), Lecture, ‘‘Our War Against Insect Pests,” by Professor I. M. Heilbron. These 
meetings were held at the University. 

South Wales. 18th January, at University College, Swansea, Lecture, ‘‘Some Consequences of 
Hydrogen Bond Formation,’ by Professor W. Baker; 24th May, at University College, Cardiff, 
Hugo Miiller Lecture, ‘‘ The Past and Future of Crystal Chemistry,’’ by Professor J. D. Bernal; 7th 
November, at Newport Technical College (joint meeting with the local sections of the R.I.C. and the 
S.C.I.), Lecture, ‘‘ Research on Coal Tar,’’ by Mr. E. A. Coulson and Mr. J. I. Jones; 23rd November, 
at University College, Cardiff (joint meeting with the local sections of the R.I.C. and the S.C.I.), 
Lecture, ‘‘ Colchicine : its Chemistry and Biological Effects,’’ by Professor J. W. Cook. 
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DIMETHYLGLYOXIME 


in a water soluble form 


THE SODIUM SALT 


of dimethylglyoxime is a stable 
crystalline product of definite 


and uniform composition 
CH,.C(: NONa).C(: NONa).CH,.8H,O 
and can be employed in water 


solution for the detection and 


determination of nickel. 
Now available from 


HOPKIN & WILLIAMS LTD. 


16-17 ST. CROSS STREET, LONDON, E.C.I 
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